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1, INTRODUCTION

"Incapacitation" is defined in teims of changes in
behaviorp chanpes which disrupt the organization and perform-
ance of normal activities. The final criteria for testing
incapacitating agents nust, therefore, involve measures of
behavior. There are many such measures which might be
included in programs designed to screen chemical agents for
incapacitating properties. Each of these measures may Le
affected by the characteristics of the organism under study,
the conditions under which behavior is generated for test
purposes, the research design employed in the test, and
properties of the chemical agent administered. Obviously,
effects of these confounding variables and of their inter-
actions would influence the interpretation of results provided
by any screening program and, thereby, the decisions about
actions to be taken in regard to the chemical agent under
stuc-. From the practical point of view these variables
contribute to the risks of labelling a new agent as worthy
of development when in fact it is nor or, on the other hand,
of failing to identify a new agent which is promising. The
present research project arose from the wish of the U.S.
Army Chemical Center to minimize these risks by obtaining as
full information as possible about the effects of the
confounding variables on measures of behavior which might be
included in screening programs.

In accordance with specifications in the contract
proposal, the first six months of the project were devoted
to examining the objectives of a program for identifying and
evaluating potential incapacitating agents. The objectives
were summarized and requirements for achieving them specified
in the project's Report No. I submitted in September 1960.
This report listed desired characteristics of incapacitating
agents, defined the concept of "incapacitation" in behavioral
tems, discussed considerations in research design where
chemical agent-behavior interactions are involved, and
specified requirements to be met by any measures of behavior
which might be used in studying such interaations.. The
report also outlined a four-phase screening program two
phases of which involve stuldies of infrahuman animals and
two, human subjects; the first three phaFes employ laboratory
tests and the fourth, field tests.
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The remaining year and a half of the contract has been
devoted to empirical studies. In this short period conui-
deration could be given to only a few of the issues which
deserve attention* A decision was made to concentrate on
probem occurring in Phase 2 of the suggested four-phase
wagopa, which involves "screening in depth" using Infrahuman
animals subjects; any screening program for evaluating
effects of chemical agents on behavior must begin with
research usinR such subjects. Time and the level of effort
supported by the contract made it impossible to undertake
al the research required to develop a full screening program
of the Phase 2 type* Instead the research has concentrated
on stdying a variety of behavior measures and of research
designs, all of which are candidates for inclusion In a
final screening program as described in the projeat's %port
No, 2. For some of the behavior measures.comparative data
have been collected on effects of three prototype chemical
agents; for other measures, data could be obtained on only
one or two of the agente. The number of subjects in the
experiments has also been limited, in several instances to
the extent that replications of the studies would be necessary
before conclusions could be drawn with confidence. Despite
these limitatious, evaluation of the results clearly provides
information relevant to the kinds of practical issues
described earlier which affect the screening of chemical
egents for psychoactive properties.

The general plan of the present report begins vrith a
considerati on of research designs, general procedures, and
some properties of the chemical agents used, before describing
in detail the experiments on individual behavior measures.
Descriptions of the latter, which constitute the largest
section of the report, are followd by a description of the
pharmacological studies undertaken prell-rinary to, or concurrent
with, the behavior studies. Finally, there is a considera-
tion of the implications of the research results and a brief
con cluding summary.



1i. TMSEAR I DMIGNS AND GENIAL PROCEMMP

In his treatise, "The Design of Ixperiments", LA.
Msher (l942) emphasised a point which is accepted as a
trulw, but which is of particular importance for any study
involving chemical agent-behavior interactionst

"If the dehign of an experiment is faulty, any
method of interpretation which makes it out to be
decisive must be faulty too. It is true that there are
a great many experimental procedures which are well
designed in that they M lead to decisive conclusions,
but on other occasions may fail to do so..."

Research design is particularly important in research of the
present kind because of the number of variables capable of
influencing any set of observations. Carry-over effects
illustrate one of the most troublesome results of the opera-
tion of such variables. Repeated administrations of the
same chemical agent, even when interdose intervals are of
considerable length, ma produce a cumulation of effects.
The sequential administration of two or more different
chemical agents may give rise to one of three effects
depending upon the pharmacological and biochemical modes of
action of the particular agents involved: one may summate
ith the other or one may potentiate the other, in both

cases full effects being produced at reduced dose levels;
one may antagonize another, thus resulting in a failure of a
full dose of the latter to give its full effects. When any
of these effects are operating +here lurks the danger of
faulty interpretation of results. As the results of the
present series of experiments show, carry-over effects occur
frequently under conditions similar to those which charac-
terize practical screening programs. Precautions may be
taken to minimize the risk of carry-over effects by allowing
sufficiently long intervals between administrations of the
chemical agent under study. Other precautions may be taken
by designing the research in such a way as to determine
whether or not carry-over effects did in fact occur and to
identify more fully the nature of the effects.

This Is only one example of the kinds of variables
which may affect the interpretation of results ir experiments
planned to determine effects of chemical aftnrs on behavior.
One of the obje-itives of the present projeot was to study
empirically the operation of several different research
designs under experimental conditions of this kind. The
present section describes the experimental variables studied
and the designs employed and discusses certain related issues
of general procedure.
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Experimental variables

B studying techniques for generating and measuring the
various behavior patterns it was possible to control a number
of variables which might otherwise have affected the research
results some were eliminated and others were held constant
throughout the period during wubch the independent variables
under study were being systematically varied. The three
independent variables of primary interest were: differences
In chemomorpbolo of the chemical agents studied, dose
levels administered, and times after administration at which
tests were made for possible effects of an agent on the
behavior patterns measured. The use of several 'dose levels
provides data for computing the dose-responie characteri3tiCs
of the agents administered; repeate measurements of behavior
after administration make it possible to compute tht time-

characteristics, including peak-effect timns-a"
durations of effects.

The behavior patterns constituting the main dependent
variables will be described in a later section, wTcF -reports
the details of the experiments on behavior. These dependent
variables were all measures of performance, rather than of
learning. Peport No. 1 presented the view that the main
milltary uses for incapacitating agents seem to involve the
temporary deterioration or disruption of performance in
skills already acquired. The acquisition of new skills is
usually a fairly lengthy process involving periods of training
which take place in the zone of the interior rather than in
a theater of operations; to incapacitate the acquisition
process in a significant way would require an incapacitating
agent with very persistent after effects of acute administra-
tion or repeated administrations ci a shorter-acting agent.
Performance of skills already acqlired would appear to be
the primary target in identifying and evaluating potential
agents; performances which it may be militarily desirable to
alter range from simple motor skills to complex decision-
making* Dependent variables studied in the present project
were selected to sample this range to the extent possible
under -he time li-dtations of the research period. Standard
measures of these variables provided data on level of
performance under the experimental conditions and on intra-
and interindividual variability in performance.

Several research designs were used in studying relations
between these experimental variables.

4



bandootsed groups design

When subjects are to be adidni stered only one dose of an
agent it is possible to use a randomized g desl. in
which a subjects are assigned at random to one or-rreat-
inmtse If each treatment is considered to be of equal impor-
tanoe, it is advantaReous to hwe equal nts in the various
treatment groupe The results mwy be anTIyled by analysis
of variance which provides informnticn about the significances
of the different treatments, dose 1-vels in the present
studies, and of interindividual differences among subjects
within treatment groups. The use of this 'tye .of design
if be iflustrated with data frol studies of two behavior

patterns.
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Latin square design

It is a treat advantaRe in screening chemical agents if
the Pame subjects can be used for repeated testing. Bven
when the most efficient and economical techniques for
measuring behavior have been designed, establishing stable
bacelines of pretreatment performance is time-consuming; the
experimenter's "investment" in each animal is great even
before an agent is administered for the first time. One way
of minimizing the total number of subjects would be to test
each at all treatment or dose levels. The Latin square
design is one possible way of accomplishing this; variations
of this design have been used in several of the experiments
to be rported later.

Latin squares were formed by having the number of sub-
jects in each square equal to the number of dose levels
administered equal to the number of administrations. Random-
ization within each square was restricted in such a way
that each dose occurred only once at each administration and
each subject received each dose only once during the drug
series. Wherever time permitted the Latin square was repli-
cated using a new group of subjects.
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latis square design with replication of the same square

It to possible that the order in which doses of the
chemical agent are administered maq influence the effects of
the agent ci the behavior measured. The use of a Latii
square design with replication of the same square permits
the isolation of a sum of sqzarev corresponding to the
particular orders in which the a~ent was in fact adminittered.
Ths design wa used in se,'eral of the experiments to be
reported later.
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Other reserc designs

It has not been possible to work vth certain other
research desigm which were scheduled for conideratlon.
Ohep the Latin square design with balance nas, has
advantages by providing an estimat, o residualffects of
Imniediately preceding treatments as wenas of treatment
effects (Wliiame, l9I9). Another makes it possible to
obtain a better estimate of residual effects by adding an
additional session or colu to the Latin square which dupli-
cates exactly the treatments of what otherwise would be the
last colum of the square; this means that each treatment is
preceded equally often by each other treatment including
itself (Oochran and Coxt 1957). A third is referred to as
a"factorial5!e "'In which the variables involved are
at I all possible oombinstions in the same experiment;
although this type of design has certain advantagess it also
has the disadvantage that the number treatment-combinatlons
or the su lor of different subjects to which treatment-
combinations amnt be adiinistered may become so large as to
make the experiment adidnistratively impracticable.



9

2TOVT effects

A requiremnt in the anLW sa of the latin square desig
Is tat the observations for the different doses are Inds-
pendent, i.e., that a behevior measure at one doe level for
a particular tet session is not dependent upon the effects
of doses administered during an earlier drug series. When
this requirebt is not mets the treatments are sald to have
carry-over effects; mder such lrounstancesp differenoei In
residual effects from one drug series to another could lead
to an order in the results due to treatment interantion
rather than treatment per so. There is always danger of
carrywover effects vhonDesae subjects are given a series
of different treatments.

One wa of eliminating the possibility of carry-over
effects is to provide sufficient time intervals between
successive administrations of the chemical agent for the
residual effects of one treatment to dissipate completely
before the next treatment is undertaken, In studies of
chemical avent-behavior interactions, recovery from residual
effects my involve three separate, but potentially related,
variables: cbenges in behavior, presence of the agent in
the body, and chanpa in biochemical systems affocted by the
agent. The time characteristics of these variables may be
quite different. For examples, studies of the effects of the
"trnqui~isei" reserpine on behavior indicate that the drug
is absorbed and metabolized rapidly, reaching an asymptotic
mlnimm within two hours and persisting without further
significant chanre over a period of 48 hours (Plmner et al,
1957); significant behavior zhanges begin to appear after
this asymptotic level has been reached and disappear while
it still persists (Russell, 196?); brain eerotonin and
norepinePhrine levels decrease rapIdly after administration
of the drur, 90 per cent or more disappearing within four
hours, but do not return to normal level for about seven
days (Shore and Brodie, 1957). Since any of these three
classes of variables may contribute to residual effects when
the same subjects are irsed in a series of treatments, all
must be considered in deciding upon the duration of intervals
between successive adminfstrations of the chemical agent under
study in any experiment. Idelly the intervals would be
sufficient to enco.psBs the duration of the slowest recovery
process, but, for the econorW of the screening proramn, the
duration would be no longer than necessary'.
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Ifttii the tim l1itt of the present project it ws
oeary to depend upon prelirdnary cbeavations of the

effect. of the various drug treatmente for information upon
vwteh to base inte-treatment intervals o The procedure was
to determn* the time required for each behavioral measure
affeated to return +o its pretreatment baseline;an additibnal
m ezgn of safe was added to establish the intervals between
dru addnistrationa for subsequent experiments. The fr.4qusnt
appewae of himificant carry-over effects in the ana ,ves
of results Indicates that this proeedure in itself was not
adequate and suggests the need to supplement information
about behavioral recovery processee with analogous informa-
tion of a pharmacological and biochemical nature, A begin-
ning me made during the course of the project to obtain the
relevant pharmacological data for the agents tised; these
data will be discssed later. To obtain coresponding
informtion about changes in biochemical events poses the
mot difficult problem of all, since it requires knowledge
of the odes of action of the chemical agents involved.

Without these kinds of information it is impossible to
rule out the hypothesis that carry-over effects may be
responsible for the order found in an experiwent involving
rwpeated drug treatments of the same subject. The use of
designo invoving repeated treatments of the iame subjects
is appealing from the point of view of economw in research
time and effort, since obervations on fewer subjects are
required. However, the appeal.

".. .mst be evaluated against the worth of less
'iffy' desiens such as (1) random assigruefts of m
individuals to each of tli T treatment (or experimental)
conditions or (2) the used ;f matched cases with
matchlng on the basis of some relevant variable(s) or
on the basis of pretest measures of the dependent
vari.able under conseideration (HcNemar, 196?)".
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Doe-repona. relations

Apploaticni of th, vesearch designs described above
Prwds data which mW be analybed to reveal relations
tot-on various dos levels of a chemi~cal agent admdiistered
and oancodtant qnantitativ, changes in the behavior measured.
The sa udard, procedure in anaalyzinug the data from the present
series of experimients has been: first, to plot leves ef
perforvance for each dose level over the time period of an
experivnit3 second, to calculate +,he significance of the does-

response relaticos at the time when the agent had its peek
effect, using analysis of variance techniques appropriate
for the particular research design involved; and, third, to
OcmPte a "median behavior dose" or ED)os which represents
the dose of a particular drug at Its peak effect necessary
to produe a significant change in 50 per cent of the sample
studied. The method for compting BDO will be described
later,, wheo It can be Illustrated usi6ig results from present
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Um-reepneee relatons

C@eal agents differ in the speed with which they
prefce their effects after administration and In the duration
of tese effects, U1sport o 11 in dscussing the desired
chaweetezsties of Incapeitating agents, pointed to two
major features of their time-response relations, first, it
Is generany desirable that the onset of effects occur :,n

mone ho or less following administration of an agent,
although an agent which had a del2ed time of onset would
also be of Interest; second, it is important to know the
duration of action once the effects have been producedj,
with the possibility that it may be desirable to have a
famdly of agents with varying durations of effective action.
Tb obtain data from which these time characteristics = be
determined, the standard research design for the present
expeimt has included periodic measures of behavior at
int4irvals following administration of an agent. When a
measure of behavior is sensitive to a* particular does of an
aent, repeated tests can be expected to show a change in
baseline perforience, developing after administration and
returning to baseline level as tine passes In analyzing
the time-response data the procedure adopted has been to
plft the relations, to determine peak-effect times, and to
specifN' durations rf action in terms of time between adminis-
ization of an agent and the recovery of a 0asure of behavior
to the extent that it no longer differs significantly from
its predrug base'lne.
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Predrug baseline perfov weo

SeverL rferenes have already been made to the very
basi roles that data on the stability of predrug basline
performe plays in the analysis and interpretation of the
present xperimental results. Stability is determined by
comparing the sjidlarity of measurements obtained from
obervations of a subject's performance in a standardiwd
screening situation on two or more occasions with periods of
time Intervening between observations, The procedure used
in the present experimente was to measure each subject's
performwce during a predrug period when the behavior was
being shaped by training. Practice was continued until an
asymptote In level of performance vas reached. Analyses of
these predrug performance levels and comlparison3 with per-
for ance levels follouing recovery from drug treatments
will be described later when the data for specific experiments
are presented.



Duilg recent years many different species of infrahman
animals have been used in research on drug-bahavior inter.
actions. In some instances selection has been motivated by
an Interest in a particular species; in other instances,
the use of several species., has .provided a basis for compara-
tive studies of behavior; in still other instances animals
have toe used as "tools" for research, with the assumption
that the results of such research may have implications for
drug-behavior interactions in man. The selection of animal
subjects for the behavioral screening of chemical agents is
based upon this latter assumption. The validity of the
assumption needs further systematic testing, although it has
been emrically established for certain biological phenomena
and has been put to practical application particularly in
the medical sciences. Because of the importance of the
assumption to the screening of chemical agents for their
psychoactive properties, the question of validity was dis-
cussed in Report No. 1 and will be considered later in the
context of the present experimental studies, It is obvious
that the question in io general fore is as applicable to
other aspects of a screening program, e.g., pharmacological,
toxicological, physiological, biochemical, as it is to the
behavioral.

Report No. 1, in outlining a general program for screening
incapacitating aeents, envisaged the use of several infrahuman
animal spdcies as subjects for particular phases of the pro-
gram. Within the limits of the present project it was nec-
essary to concentrate on only two species if other objectives
were to be achieved. The rat and the monkey were chosen, the
former because of the detailed information already available
about its behavior and the latter because of its phyletic
position close to man.

All rats used as subjects were from the Holtzman Albino
stock (Holtzman Company, Madison, Wisconsin). This source
of supply provided vigorous, docile animals which were rore
homogeneous in weight than other standard sources contacted,
a desirable feature for certain pharmacological drtermina-
tions to be reported later, Only male animals were used and
all were beteen three and four months old when started on



their trini~ng trials. Each was houeed in a separate cage
during the en14.re duration of its partioi ~ton jn the roject,.
They were fed on standard Wayne Lab Elox fOz'hts and M~66
(AfL~ed M3Lle hioasgb), ad li tun except Ai~n oh a limi.ted

intak sc~ reqiii Ioc~oRM fbd-hufider motivation.

Scburr,6 wdnkaey's SaiUd sciursa also served as sub..
jcs-In some of thi di I to'bereportede Al.1 were

Puwebased from upliere 'who obtained them directly from
their nativt habitats.* Thei.- ages 'were unknowns although
all appeared to be relatively young anirdals.
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ahawv or measures

The view was presented earlier that tbo preeent project
should be oriented toward the study of performance rather
than learning. Even with this limitation, there still
remined many different behavior patterns from which to
select muasures of performance to be included iii a battery
of screening tests, The bases upon which selections mv be
wAde have been described (Russell, 1960). These were con-
sidered in maing choices for the present experiments, The
selections discussed in Report No. I were used, with some
modifications, all measures being likely candidates for
inclusion in a final test battery. Each will be described
later vhen specific experiments of the present series are
considered.



in. Q CAY AWmS

The major objective of the present project was to study
the nature of variables affecting the validity of methods for
screening potential incapacitating chemical agents. There-
fore, the choice of agents to be used in the project was not
limited by a requirement to screen new compounds of unknown
value* After discussions with the first Contract Projeot
Officer it was decided that the needs of the project and of
its unclassified security status would best be met if psycho-
active chemical aoents already in general usep i.se., not
reetricted to use as incapacitating agents, were selected
for study. The three agents - Libriu% pentobarbital sodium,
and ethanol - were chosen from a list of prototype drugs
suggested by the Psychopharmacolo~r Service Center, National
Institute of Mental Health for use in basic research on
behavior (September 1961 number of the PSC TBlletin).

YIbrium, or mthainodiazepoxide, has been described as
a "psychosedative"; it is used clinically with reported
success in the treatment of anxiety and tension where its
most obvious characteristics are Its sedative and muscle
relaxant properties. Pentobarbital is one of the barbiturates
with a relatively short duration of action. Ethanol, or
ethyl alcohol, is also rapidly absorbed and catabolized;
like pentobarbital its acute effect on the central nervous
system is to act as a depressant upon the cerebral cortex.
rlelations between the actions of these drugs and their
effects on the behavior measures studied in the present
project will be disc-ssed later in this report.

The drugs were administered orally or intraperitoneally
in aqueous solutionsp which were made fresh at least once
daily during experimentation. To assure maximum stability
and solubility of the Librium and pentobarbital solutions,
no attempt was made to neutralize them. Instead, placebo
solutions were vrepared of dilute acid and base, which
approximated the acidity and alkalinity of the rib, cohen-
trated drug colutions adninistered (sbe Tab3e I1.
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Table 1

0onditions Selected for Drug Adudnistration

Nwdm Peak eetidos Time
Dg Preparation, Placebo Route (pr'g) (WM-)

Librium Aqueous soln, .06 Nech. Oral 32 mg. 1000
4ydroohloride S 0.1 m /lOOg

IP <8 ". >4)mg 0.25

Pentobarbital Aqueous soln. .08 M'82CO Oral 40 mg 0.5O
sodiun 0 0.1 m2/lOOg

IP <10 ( >5)mg 025

Ethanol 50% aqueous Water Oral >3,0 ml2  O.50
solution

IP 0.2 ml 0.2

1 Peak effect time observed in gross behavioral effects, i.e., on
motor coordination and startle and pain responses. Observations
made only at time intervals of 1, , 1, 2, and more hours after
drug administration.

2 3e0 ml constituted the practical limit which could be administered

to ad lib fed 450-500g. ratq via oral intubation, although gross
behavior measures were relatively unaffected at this level of q0%
ethanol.
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In order to more closely approximate the clinical
situation, all drugs mere administered orally for the behavior
studies* Oral administration vas done via a stomach intubas-
tion technique, utilizing a 1 ml tuberculin syringe with a
3 inch, 18 gauge needle modified with a slight curvature and
a rounded ball of solder to blunt the tip. Preliminary
studies showed no significant effect on the various behavior
test performances due to the intubation procedure alone.

Significant changes in behavior may occur at any dose
level etween zero and the level at which toxic effects to
the body appear. For purposes of the present research drug
levels for the behavioral experiments were established by
preliminary behavioral toxicity studies, to be desceibed in
detail later, in which the effects of various doses of each
drug on selected indices of locomotor coordination, general
activity, startle resnonse and response to pain were syste-
matically observed and rated. The minimum effective dose
for these gross behavioral variables was used as a guide in
setting the maximum drug level for the more quantitative
experiments n behavior. The other end of the effective
working ran.e was defined by a zero dose, or placebo treat-
mente. Doses within this range were related in decreasing
fractional steps of one-half between succeeding dose levels,
a selection which proved empirically to be effective for
describing dose-response characteristics of the three drugs
studied* The standard dose levels used in these experiments
for the three drugs studied were:

Librium - 0 4, B, 16, 32 mg/kg,
entobarbita. - 0, 5, 10, 20, 40 mg/kg, and
Ethanol - 0, 0,25, 0., 1.0, 2.0 rl/kg.



M. EXERIMS ON NBAVIOR

A. Introduction

The preceeding sections have set the background for a
detailed exmmination of the several experiments designel to
study effects of the chemical agents upon behavior. In
describing research designs, procedures and analyses of
results for individual experiment., it will not be necessary
to repeat in detail the general considerations which have
already been discussed; instead emphazis will be placed upon
special features of each experiment and upon the results
obtained.

Most of the experiments to be reported were designed
to provide information about a single behavior pattern;
occasionally two related patterns were studied in a single
exp4riment. Seven experiments mere completed to the point
of obtaining data for at least one replication of the re-
search design, In order to study a wide range of behavior
patterns, all experiments were planned to use a minimum
number of subjects per replication and to add replications
when desirable. Because of the limited time available it has
not been possible to replicate some of the experiments
sufficiently to provide final, definitive results; these
experiments must be considered as pilot studies of the kind
which are particularly characteristic of developmental
,o-ooh. Tn addition to detailed data concerning specific
drug-behavior int rsctions, the experiments as a whole pro-
vide information about factors which affect the practical
task of screening chemical agents for their psychoactive
properties and illustrate the steps involved in developing
a standardized screening battery of behavioral measures of
the type discussed in Report No. 1.
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Bo Food intake

In research designed to study effects of chemical
agents on behavior, food intake may serve as a useful
measure in two principal ways. Food intake is often very
sensitive to disease processes and, therefore, may be help-
ful in monitoring the general state of health of animal
subjects invlved in an experiment. For example, the most
frequent diseases in our rat colonies involve respiratory
disorders, which, if diagnosed ear~y, can be treated success-
fully; experience has shown that one of the first symptoms
of such disorders is a decrease in food intake.

Measures of consummatory responses also are one way to
quantify appetitive drives (Miller and Barry, 1959), food
intake serving as a measure of hunger. The effects of a
drug on this consummatory response may provide useful infor-
mation as to whether motivation is involved in the behavioral
mode of action of the drug. In studies employing food-hunger
as the means of motivating the behavior under study, e.g.,
the straightaway approach response in the present experiments,
the amount of food intake is often controlled for each sub-
Ject as a means of establishing and maintaining consistent
hunger levels; drugs may affect these levels despite such
controls and thereby alter beh-ior. More difficult to
discern are effects of interactions between changes in food-
hunger and another form of motivation which may be serving
as the primary motivation. For example. Knopfelmacher et al
(1956) report behavioral effects of thiamina and reduced
caloric intake which "...suggest that some interaction
occurred between the two drives, escape from, water and food-
hunger, even though the latter was never reinforced at the
completion of any trial", By recording food intake, the
possibility that this kind of interaction might have occurred
during an experiment may be examined.

Records of food intake mere maintained during most of
the experiments of the present series in which rats were
ured as subjects. In the majority of instances the records
were neceasary parts of the procedure for controlling 3evel
of food-hunger motivation; the procedure imposed a maximum
limit on food-intake and,~ Lhcrefore, made any measure of the
latter invalid as an index of ad libitum consummatory b3havior.
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However, detailed records of such behavior were kept during
the course of two experiments, both to be described later:
one was desimed to study effects of Librium on a straight-
away escape response and the other, effects of pentobarbital
on the dame response. Analyses of these two series of data
are reported in the paragraphs which follow.

i seearch design and Procedurn. The research design and
procedure ar s29scu ein tai3 in section "D"1 below. In
essence, a 5 x 5 Latin square design with two replications
of the same square was used in studying each drug. Each
replication required five animams, five drug dose levels and
five drug series, each beginning .ith the administration of
a single dose and observations continuing for six days.
Animals were assigned at random to the five rows of the
design.

The 10 Holtzman albino rats who served as subjects were
dult males whose body weights had reached the characteristic

plateau of approximately 50Og. They had not participated in
any previous studies, All were housed in separate cages
during the experimental period and were fed and watered ad
libitum. The food was available in pellet form from metW!
hoppers which were attached exterior to the mesh cage walls.
Daily food consumption was measured by weighing the hopper
contents at the beginning and end of each 24 hour period.
Spillage 'was not recorded, but appeared to be minimal- and
fairly constant.

Records of food intake were kept during the course of
two experiments: one involving the administration of Librium
and the other, pentobarbital. Doses for the former were
o, 4, 8, 16 and 32 mr/kg and for the latter, 0, 5, 10, 20 and
40 m/kg; all doses were administered orally. In order to
obta:.n data necessary to determine time-response relations
between the absorption-metabolism of each drug and any
changes which might occur in the consummatory response,
food intake mnaiures were recorded, in grams, at the end
of each 24 hours during the six days between drug administrations.
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'trsults. Tables 2.and,13 s e mrizethe results' -of
the edies in term. of mean food intake at each of the five
dose levels for the two drugs admbnistered. Data are pro-
vided for each of the sIx days following drug administration,
Kxamination of the data in these tables and of plots made
from them suggest that neither drug had any significant
effect of a systematic nature on this consummatory response.
The absolute level of food intake remained very steady
throughout the six days following each drug administration.
There is no obvious evidence of any concomitant variation
between mean intake and drug dose level. Analyses of variame
for the Librium and pentobarbital data summarized in Tables
4 and 5, substantiate these observations; in neither case
is the F-ratio significant for "dose". Two significant
variance terms do appear. The significant F-ratio for
"weeks" in the Librium data indicates the presence of carry-
over effects during the sequence of weekly drug administra-
tions. There is no evidence for such effects in the pento-
barbital results. This distinction between the two drugs
will appear again in other behavior measures to be reported
later. Variability among subjects was significant during
the pentobarbital series, but not during the Librium tests.

Since chemical agents which increase the variability
of group behavior may "incapabitate" the normal functioning
of the group, the effect Just referred to was analyzed
further. Inter-individual variability during each test
session was computed and expressed as a standard deviation,
so Standard deviations for both the- labrium and pento-
barbital series are given in Tables 6 and 7 -It is of
interest to know whether variability under drug conditions
differed significantly in any instance(s) from variability
under the correspondinp "0" or placebo condition. Tests for
such significance can be made by obtaining an lnbiascd
estimate of the population variance for each 9Z and comparing
the variance estimates for each dose level with the estimates
for corresponding placebo conditions. The comparison is made
by expressing each pair as a ratio, which is an F-ratio
(Senders, 1958). These computations were made for the data
in Tables 6 and 7 ' the instances in which variance under
a drug condition differed significantly from variance uader
its corresponding placebo condition are indicated by
asterisks in the tables. Only one difference in variability
was found to be significant in each of the two drug series,
a finding which iight be attributed to chance. However,
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closer examination of the two sets of data does suggest a
possible consistency in the pentobarbital series which does
not appear in the librum detat during the first four days
standard deviations for the 40 mg/kg measures are greater
than those for measures at awr other dose level. As will be
shown in the pharmacological data reported later, this dose
was wel above the threshold for effects on motor coordina-
tion and startle and pain response. It may have been that
this dose was also very close to the threshold for changes
in this consummatory response, changes which may be evidenced
first by increased variability and, later, by alterations in
level of performance. This kind of possible threshold effect
is worthy of specific study.
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C. Water intake

Measurement of water intake provided a means of quanti-
fying another appetitive drive: thirst. Detailed records of
this consummatory response were kept during the course of
several of the present experiments. The results were all
similar; those obtained under the identical conditions which
held for the food intake measures just described will be
reported in detail here.

Research design and procedure. The 5 x 5 Latin square
design required five animals in each row, five drug adminis-
trations at weekly intervals, and five levels of drug dose.
It was identical with that described in detail in the follow-
ing section. Ten male alb-;no Holtzman rats were used as
subjects, being assigned at random to the rows of the design
to complete two replications of the same Latin square, All
were between 3-4 months of age when the experimnt began;
none had participated in prior research. All were fed and
watered ad libitum during the couree of the study, the food
consisting ofstandard Wayne Lab Blox pellets for rats and
mice.

Water intake was measured daily during the six days
between drug administrations as the decrease in weight of
the individual water bottle assemblies between the beginning
and end of each 24 hour period, The bottles were not allowed
to become more than 9/3 empty, and the design of the drinking
tip allowed minimal leakage.

Results. Tables 8 and 9 summrize the results of +he
studies in terms of mean water intake at each of the five
dose levels for each drug administered. Gross examination
of the tables does not suggest any concomitant variation
of a systematic nature between dose levels and water intake.
Analyses of vriance, summarized in Tables 10 and 11, confirm
this impression: it Is clear that there is no significant
source of variance in dose, in inter-subject variability or
in "weeks" or carry-over effects.
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To complete the analysis in a way comparable to that
used with the food intake data, individual standard devia-
tions, s, were computed for each test session of the two
drug experiments; they are reported in Tables 12 and 13.
Comparing the a for each drug session with its corresponding
a for the placebo condition using the method described in
the preceeding section (Senders, 1958), shows significant
differences in homogeneity of variance only among those pairs
indicated by asterisks in the tables. These appear to be
scattered through the tables without any systematic pattern.
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Sma . Before reporting on other experiments in the
present serAes, it ma be useful to ummrize briefly the
main points learned from the studies of consummatory responses
Just described.

Food and water intake are two measures widely used as
indices of appetitive drives. If the drugs affected either
or both of these drive processes, one of the effects expected
would be modifications in the levels of the respective con-
summatory response(s). In fact the results of the two
experiments failed to provide any evidence for concomntant
variation between drug dose levels and the magnitudes of
either response within the range of dose levels explored.

However, the drugs had other kinds of significant
behavioral effects in which they were distinctly different,
i.e., carry-over effects and effects on interindividual or
group variability. Librium had significant carry-over
effects which were evident in the food intake measure during
the period of week y drug administrations, but pentobarbital
did not; no significant carry-over effects appeared in the
water intake data. On the other hand, pentobarbital increased
interindividual variability in food intake, while Librium did
not; neither had any significant effect upon such variability
in the water intake measure. These results indicate that,
within the range of dose levels studied, various properties
of the two behavior patterns were differentially sengitive
to the two drugs.
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D. Straighway escape response (SER)

The rate of locomotion in traversing a straightaway to
approach food or to escape an aversive stimulus has been used
in experimental studies of motivation (e.ge., Anderson, 1938;
Brown, .1942, Bugelski and Miller, 1938; fuxton, 1941) and of
operant conditioning (e.g., Hull, 1934; Graham and Gagne,
1940) where rate have served as subjects. Straightaway
operant responses are easily established and they are very
stable once they have been acquired. Experience with this
type of response during studies of the behavioral effects of
an organo-phosphorus anticholinesterase agent (Russell,
1958) suggested that it could be used profitably as a simple
prototype of conditioned operant responses and as a means of
studying motor output involving locomotor coordination. It
has been included in the present, series of experiments in
two forms: as an approach and as an escape response, Exper-
iments on the latter were more extensive and wifl be des-
crited first.

Research desipn. A series of three SER experiments
were conductdea involving one of the three prototype
drugs. All experiments employed a 5 x 5 Latin square research
design with two replications of the same square. The advan-
tage of this design, which makes possible the isolation of
a sum of squares corresponding to the particular orders in
which the drug under study wan administered, was discussed
earlier. The Latin square used is shown in Table 14; each
replication reouired five animals, five drug series and five
dose levels. Animals were assigned at random to the five
rows of the design. Preliminary studies indicated that the
measure of performance, rate of traversing the straightaway,
returned to an asymptotic level within three to four days,
even after administration of the largest drug dose; therefore,
one week was set as the standard intertreatment interval.
Rate served as subjects in all experiments.
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Teat situation. The conditions required to generate
the SW'rie'rel~avely simple. In general terms, it is
necessary to create an environment in which subjects can be
exposed to an aversive stimulus and where the only operant
escape response possible is to traverse a straightaway path.
Previous studies of SER had used electric shock as the aver-
sive stimulus. Sinee, in the present project, it was intended
to use another experimental set up, the classical sbuttlebox,
to study both escape and avoidance responses to shock$ it
was considered desirable to a'd to the number of different
form of motivation included in a final screening battery by
using a different aversive stimulus for the SER. Earlier
studies (e.g., Braun, Russell, and Patton, 1949) had demon-
strated how successfully escape from water could be used to
motivate a variety of behavior patterns in the rat, including
the SER; therefore, this form of motivation was selected for
the present experiments.

Preliminary study of straightaways of different con-
structions led to a final apparatus consisting of a metal
tank 84 inches long, 10 inches iide, and 20 inches deep wit!-
a landing platform beginning 12 inches from one end. At the
beginning of a test session the tank was filled with water
to a depth of 12 inches; the water was maintained between
180 and 20PC. during the session. The apparatus was located
in a separate experimental room where such variables as
illumination, room temperature and ambient noise were
controlled.

A trial consisted of one traversal of the straightaway.
The standard operating procedure for this water type of test
unit was followed: the animal was placed in the starting
end of the straightaway facing the end wall; a Standard
Electric timer, calibrated in hundredths of seconds, was
started when the experimenter released the animal and was
stopped when the animal's forepaws touched the landing plat-
form at the other enc. The elapsed time was recorded and
later converted to rate, the reci procal of time, as the basic
measure of performance on the trial. Each standqrd test
session consisted of five trials given successively with 30-
second intertrial intervals; the median rate for tha five
trials constituted the measure of performance for a test
session.



Subjects. Ten male white rats .of the Holtzr.An albino stock
serve as sujects for the main experiments, They nad not
participated in any previous studies, other animals being
used for preliminary tests during the development of the
apparatus and procedure. They were randomly divided into two
groups required for the two replications of the Latin square

design and were assigned randomly to the five rows of the
design. In order to study the practical problem of repeated
use of the same subjects in tests of more than one chemical
agent, the same ten animals served as subjects in studying
the effects of Librium, pentobarbital and ethanol on the SER.
All were housed in separate cages during the experimental
period. They were fed and watered ad libitum in their home
cages.

Procedure. Since it was desired to measure performance,
rather than acquisition, all animls received 175 trials of
preliminary training prior to the start of the first drug
experiment. Trials 1 to 150 were given 10 per day and the
last 25, 5 per day. Throughout this and other studies
described in the present report, experimentation went on
daily for seven days per week. Information about the stabil-
ity of the final predrug baseline performance will be
presented in the following section describing the experimental
results.

The first drug, Librium, was administered orally on the
day following completion of preliminary trairdng. Test
sessions, consi.sting of five trials per session, were spaced
at 1, 3, 5, 7, 9, 24 hours after administration and then at
24 hour intervals to a total of 2L4 hours or six days. a
the seventh day the animals received their second doses in
the Librium series. This weekly regimen continued until each
animal had received the five dose levels required by the
research design.

Test series for the second drug, pentobarbital, began
after an interval of one weok during which each zni-I
received five da5!2y "baseline" trials. The same timing and
sequence of administrations and test sessions as in the
lAbrium series was used, the five drug levels being: 0, 5,



10, 20 and 40 mg/kg. A third test series followed in turn
with ethanol as the chemical agent administered orally at
dose levels of 0.00, 0.25, 0.50, 1.00, and 2.00 mi/kg.

1erdlts. Data collected by this procedure provided
inforM Ton about several basic features of the drug-behavior
interactions studied. Each of these features will be con-
sidered separately in reporting the results of the three
experiments.

1, Stability of baseline performanoe. The research
design mad possible to use ieaih'anIMa as its own control.
This required that eable predrug baseline performance levels
be established. Any changei induced by administration of a
drug dose could then be expressed as a per cent of each
individual subject's own baseline performance. The first
two columns in Table 15 show the means, 2, and standard
deviations, s, for each of the 10 subjects, calculated from
the performance rates for the 30 trials of the six days
immediately preceeding the first drug series. Six, rather
than some other number of days during the preliminary training
period, were chosen for the calculations because this is the
same duration as the 6-day period of each drug series. As
the s-column clearly shows, the variability of the distribu-
tion of performance rates for each individual subject was
very small. For even the nost variable animal, No. 4, 95
per cent of the performance rates fell within a range of
0.06; in all cases the mean rates were many times their
standard errors.

Estimates were obtained of the internal consistency of
the five measures in each of the six test sessions using a
form of the conventional split-half method. Because of the
nurtber of cases involved, 10, the rank-order correlation,
ro, (Senders, 1958) was used for estimatinp relationships
between measures on odd and even trials. The correlations
obtained were 0.8P, 0.90, 0.79, 0.88, 0.85, and 0.93, al3 .of
which are signifi int at better than the .01 level of
confidence.
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It would be expected that the effects of drags at the
pr.asent relatively low doses would be evidenced as reversible
ohanges in any behavior measures affected, If the prelimin-
ary study referred to earlier was valid, reversible changes
in behavior should occur within the six days between drug
administrations, i.e., performance rates should diminish in
magnitude and then return to predrug baseline levels. To
check on this recovery, each animal's performance rates were
computed for the last two test sessions of each drug period.
These data for the iMbrium series are reported in the last
five columns of Table 35- the asterisks indicate those
rates which fall beyond 12 standard deviations from the
means of the distributions of predrug baseline measures, i.e.,
were significantly different at the .05 level of confidence.
The most obvious feature of the data is that the vast major-
ity of performance rates during these last two test sessions
had returned to predrug baseline levels, i.e., did not differ
significantly from the predrug means, A second feature of
the data is that significant differences occurred more
frequently at the end of the fifth drug session than at the
end of any other session; in all instances the deviatiois
were in the direction of lower performence rates, A third
feature worthy of attention from a methodological point of
view is the case of animal no. 1, all of whose recovery
levels were significantly lower thin its predrug level.
"Is suggests that the animal's "baseline" performance rate
shifted to a new level followring the first drug administra-
tion and remained consistently at the new level during the
remainder of the experiment. The reason for the shift is
unknown, but, the fact that it occurred even when experimental
conditions remained constant, reans that the possibility of
chanres of this kind should be anticipated in experiments in
which subjects are used as their own controls, shifts in
predrug or "control" baselines could lead to misinterpreta-
tions of what might appear to be continuing drug effects.

2. Dose-response relations. Relations between dose
levels of-e drugs and changes in performance of the SER
are shown graphically in Figures I to 3; the data upon which
the curves in these figures are based are presented in Tables
16 to 18. Each point in the figures and each nimber in the
tables is the mean for the performaice of 10 animals. Each
mean is based upon per cent change in predrug baseline per-
formance computed for each animal individually by dividing
its performance rate during a particular test session of a
drug series by its baseline rate during the predrug series
discussed above, in this way the effect on the SER of each
dose level of each drug was evaluated in terms of each
aninl's own performance under non-drug conditions.
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In Figures 1 to 3 SER performance levels at different

drug dosages are plotted as a function of time after adminis-
tration of the drug. Such plots contain information about
both dose- and time-response relations. Examination of the
curves at aiW particular point on the abscissa shows the
relative effects of different doses at that time. These
effects appear most clearly at the test session one hour
after drug administration, All three drugs are seen to have
produced decrements in the SE at least at some of the Qose
levels, the greatest effect in absolute terms being for
pentobarbital and the least for ehano1. Of greater interest,
however, is the direct relation which is shown between the
magnitude of decrements when they do occur and the dose
levels which produced thems as dose level increased, decre-
ments increased.

The significance of these dose-response effects at the
peak effect time were tested by analyses of variance and are
given under "doses" in the sumary Tables 19 to 21. All
effects at this interval were highly significant for the
three drugs studiedj in each ease the results of the analysis
make it possible to reject the null hypothesis that the SER
measures at the five dose levels are drawn at random from
the same population of measures. Therefore, further compari-
sons amon the dose levels were in order. The comparisons
of" greate,4t interest are those providing information about
which of -he dose levels produced significant decrements in
SER performance. There are several ways in which such com-.
parisons could be made statistically. Table 22 summarizes
the results of analyses using t-tests for correlated obser-
vations, since the comparisons involve pairs of measurements
on the same subjects, The t-tests are used here to elaborate
the results of the analyses of variance and not to contradict
them (Senders, 1958). Examinatior of Table 22 shows that a~l
the Librium doses produced significant decrements in the SER
and that the significant effects of pentobarbital and of
ethanol can be attributed to dose levels at the high ends of
the dose ranges selected for use in the present studies,
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One of the reasons for using the present type of repli-
cated Latin square design was to deter. ne whether or not the
order in which the various levels of drug dose were adminis-
IGM had an effect upon changes in the SMR. Five different
orders were used; their possible effects were evaluated by
analysis of variance. The results of the evaluation are
suumarized under "orders" in Tables 19 to 21. It will be seen
that no significant F-ratios were found for any of the three
drugs, indicating that the order in which the various doses
were administered had no systematic effects upon the measures
of SER.

3. Time-response relations. Figures 1 to 3 and Tables
16 to 18 sho time-response, as well as dose-response, rela-
tions for effects of the various drug treatments. The
general trends are the same for all drugs studied: peak
ef'ects are rapidly attained, i.e., in about one hour, after
drug administration and are followed by more gradual recovery.
These time characteristics have two features which are help-
ful in defining them and useful for other purposes to be
discussed later: eak effect time and duration of effect.
Both measures are given- 2I l3 for he resu's- ned
in the present experiments.

Peak effect time is defined as the time after adminis-
tration of a drug when its maximm effects are achieved.
Peak effect times for all three drugs at all dose levels in
the present experiment were evidenced at the time of the
first test session, one hour after drug administration.
Because tests were not made at other times in the interval
around one hour, the one-hour figre must be taken as an
approximation, In all instances recovery was clearly in
process by the three-hour test session.

Duration of effect is dofined in terms of hours after
administration needed for significant changes in behavior to
return to the placebo baseline levels. Table 23 lists ihese
times for those doses which produced statistically signifi-
cant effects on the SER. Each duration was obtained by
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deteraning the test session at which differences between
measures under a particular drug condition and measures for
its cor.responding placebo condition ceased to be significante
t-test for correlated observations (Edwards, 1958) were
used to compute significance, As in the case of statistics
for peak effect time, the determination of duration wa
depeud-nt upon the timing of the test sessions and, therefore,
is an approximaticn; more exact determination would require
data obtained from additional test sessions at times immediately
preceeding those given in Table 231 The most accurate state-
ment about each statistic on duration presented in the table
is that recovery from significant changes in SER occurred
within the time period given. It will be seen, as might be
expected, that the duration of effects varied from drug to
drug and with the dose level administered,

4. Median behavioral dose ( 9), Sciences, e.g.,
pharmacolo- - d toxicoio , cncer? ~i with drug effects on
biological systems often express dose-response interactions
in terms of a relation between dose level and percentage of
subjects responding. Such relations have been found to fit
two general classes of curves, sigmoid or ogival and hyper-
bolic (Drill, 1958). although there are relatively few drugs
in the latter class. W plotting dosage-mortality curves on
log-probability coordinates, a median lethal dose of LD5O
may be determined (Bliss, 1935 and 1938). When responses
other than death are involved, a mediah effective dose or
E0 may be determined In a similar manner. When the response
is a behavior pattern, rqrameters of which can be measured
quantitatively, an ED50 can be computed. This value repre-
sents the dose of a parti-.ilar drug necessary to produce a
significant change of the behavior in 50 per cent of the
sample studied. In order to identify such an index as
involving behavior, it is useful to refer to it as a median
behavioral dose, or BD50 (Russell, 1960). BD O's have been
computed frm--e data provided by the present experiment.

One of the technical questions which arises in deter-
nining BDg0 's concerns whether or not a particular chang-
in behavi6r is "significant", The question has been put in
another way: is the animal a "positive responder" under the
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drug conditions existing at the time the behavior is measured?
The definition of a significant change or positive response
involves a comparison between measures of predrug behavior
and behavior under drug conditions. If the predrug baseline
is so stable that intraindividual variability is zero, any
change under drug conditions is "significant"; such stability
Nq occur, for example, in certain measures of operant condi-
tioning when reinforcement of the response has been manipu-
lated to create it. However, it J3 much more frequently the
case that, although pretraining has led to a high degree of

has not been reduced to zero. Under such circumstances,
significance may be defined statistically in terms of the
distribution of changes in measures of baseline performance.
The procedure followed in the present studies has been to
calculate the mean level and the variability of each subject'sperformance durinr the six das just preceeding the drug test
in question and to establish the magnitudes of the behavior
measure which define two standard deviations on either side
of the mean; any measure of behavior at the peak effect time
of drug action which fell outside these limits was considered
as representing a significant chancre or a positive response.
In a normal curve, these limits cut off approximately 95 per
cent of the area under the curve; the present definition
requires that a change in behavior must deviate beyond this
area of normal performance neasures in order to be "significant".

Using this statistical definition in analyzing data from
an experiment on drug-behavior interactions, relations
between the independent and dependent variables, dosage and
behavior, may be expressed graphically by plotting percent
of subjects showing significant changes in behavior against
dose level. The typical plot for dosane-mortality relations
is sigmoidal in shape. For convenience of analysis it has
become conventional to convert such curves to straight lines
by transforming dosages to logarithms and percentages to a
probit function of the normal probability curve. With large
samples a.11 observations tend to fall on or close to a single
straight line, but with swall samples the variaticn is greater
and values for individual observations shorld not be weighted
equally in computing the best-fitting curve. Tables for
corrected probits have been provided (MLiss, 1938).
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This iethod of probit analysis was applied to data from
the three SER.1xperimentap the straight lines being drawn by
best visual fAt The resulting BD,ts were 9.0 1/kg for
librium, 13.S u/kg fdr pentobarbit.l, and 1.5 mlf for
ethanol 9 as shown in Figure Mo

bata such as these may be fitted more precisely. krberls
.ethod for calculating the dose-response curve is a special

*Icase of the maximm likelihood method of miss and assumes
tnhat arug effects are distributed according to log dose,
rather then dose, of drug. A- an ea-mPle of this second
approach Cornfield and Mantel's (1950) modification of the
Karber Method was applied to the non-rraphical calculation
of the Bn for the Librium data. The calculated value of
9.2 mg/kg compares very closely with the graphic log-probit
plot value of 9.0 mgJkg reported above.

Both of these methods also allow for the determination
of the variance or standard error of the B but are
relatively time-consumtng to apply. It is anticipated that
a procedure which allows calculation of the standard error
of the BD5 0 directly from the loi -probit plot will be more
feasible for routine screening applications.

5. Variability of erformance. Chemical ag ents may
have the.r minf tsS by altering the variability of
behavior. It is conceivable that the mean level cf a
particular performance uaight remain essentially unchanged
after administration of an agrent, yet the variability in
performance of subjects affected ,ight increase to an
extent which seriously influenced the predictability of
their behavior at any given time and thus disorganized their
normal operations as merbers of a group. The present experi-
ments provided infornation about three different kinds of
behavi oral var ab 15.ty.
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a,. Inti'aindividtal vaiailt LM sinae
test s6sh. -nWvidua.Es characteri tically ry in their
p5oMan ce from trial to trial, even when the conditions

generating the behavior are held as objectively constart as

noesible. Such intraindividual variability tends to decrease

as the behavior pattern is learned and overlearned. In the

present experiments it is to be expected that this kind of
variability would attain its minimum values when a stable

baseline of performance had been reached during predruL test

sessions, Following administration of a chemical agent

variability might be altered, returning to baseline levels

during the subsequent recovery period.

In order to study this kind of intraindividual

variability it is necessary to have more than one measure of

performance during each test session. Whether this is

possible depends upon the nature of the b ehavior measured

and, therefore, upon the conditions under which it is

generated. Some but not all of the responses studied in

the present project met this criterion; SER was one and can

be. used to illustrate the method of analyzing data for

evidence of drug effects on this kind of variability.

The five'.trtals .Iven dh-rin- each tot session'-
constitute a dictribution .o measurec fro, which standard

statistics on central -tendency and variability tmy.be 'calcu-

lated., For present purposes a standard deviation, s, was

computed for each subject at the peak effect time following

each drug administration, using the original time measures

taken during each trial. The standard deviation, then,

constituted a "score" for the subject's variability of

performance and could be compared with its analogous scores

under other treatment conditions or with scores obtained by

other subjects. Table 24 gives the means of the individual

standard deviations for the Proup of subjects as a whole.

There appears to be no systematic relations between variability

and dose level, with the possible exception of the pento-

barbital data where variability increased appreciably at the

two hiph dose levels. Analyses of variance, summarized in

Table 25, support this general impression: no significant

F-ratios were obtained ?xcept in the case of pentobarbital
dose effects.
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The results with Librium and ethanol illustrate

the generil case in which level of performance is more
sensitive to drug effects than is intraindividual variability
of the performance, The fact that the mean standard devia-
tions for the lower doses of pentobarbi tal remained at very
near2y the same level or plateau and that a significant
Increase in variO-ility occurred between 20 mg/kg and 40
mtgkg suggests the existence of a "threshold" effect within
the latter range. As wiifbe pointed out in section V
below, 40 m/kig of pantobarbital is a relatively high dose
for studies of behavior since this is at a level where
hypnotic effects begin to appear and thus confound other
effects the drug may be having upon behavior. If all
chemical agents had characteristics similar to the three
drugs studied in the present project, changes in level of
performance are, for practical screening purposes, likely
to be nore sensitive measnres of chemical effects than are
measures of intraindividual variability.

b. Intraindividual variabil.tZ d a test
series. Another Oind of intran di ual vri y-ilrty=
Mdeiced in conparisons of each subject's performance over

two or more test sessions. The present experiments were
designed to minimize this variability during the predrug
phases; this is what is meant by the "stability" of the
behavior patterns studied. Intraindividual variability
during a drug test series would be affected significantly
if the drug produced chan.es from the level of predrug
baseline performance, M(early this is a description of the
same Ohenomenon as that considered in the earlier discussion
of effects of drugs on level of performance. This being the
case, no useful purpose seems to be served by using both
types of analysis.

co Interindividual variability r4urinry test sessions.
Characteri.st4 cally indivic'nals differ from ea-3ot'er in Me
levels at which they perforlb the same task, even when intra-
individual differences are minimized. It is possible that an
effect of the aeriinistration of chetrTical a~ents is an alter-
ation in such interindiviclual differences. The effect would
be evidenced by changes in the spread of mean SERs for
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individual subjects during the drug period as meavmred,
for example, by the marnitude -,f the standcrd deviations
at each dose level. To test the possibility that this
effect operated under the present experimental conditions,
standard deviations were computed for performance at all
dose levels, using the standard per cent chanve from predrug
baseline as the performance measure. The results are
summarized in Tables 26 to 28. The significance of the
difference betweer variance at any of the drug levels and
variance at the corresponding placebo levels may be tested
by comparing the two unbiased estimates of the population
variances as an F-ratio (Senders, 1958). When such ratios
were computed for the data in Tables 26 to 28, none was found
to approach significance in the Librium series. Some signi-
ficant chanpes were found in the pentobarbital and ethbiol
data, being concentrated in the period immediately following
drug admJnIstration and then at the high dose levels. In
these particular instances the drug is shown to have increased
the spread of differences between individual subjects. Such
an effect may be important in the sense that it may interfere
with, or "incapacitate", the normal functional relations
among individuals in a working group, thus decreasing both
the quality and quantity of the group's productivity.
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6. Carry-over effects. The case was stated earlier for
the pract3ci]7mportAmnc a program for the screening of
chemical agents of the repeated use of the same subjects
whenever possible; for all but the very simplest measures of
behavior the time and effort required to establi sh stable
baselines of performance are considerable, Repeated uses of
the same subjects does, however, introduce complications in
the interpretation of results, complications arising from
carry-over effects.which may be based upon pharmcological,
biochemical, or behavioral factors.

Pharmaologically a chemical agent is considered to have
a "...cumlative action when its elimination and/or catabolism
are relatively slow and the full response is the result of the
summation of 2 or wore doses (Krantz and Carr, 19 61)". This
definition emphasizes the continuing presence in the body of
dose 1 when dose 2 is administered; carry-over effects are
due to interaction between the two doses.

Cumulative effects may also occur when the after-effects
of dose 1 on some biochemical system in the body persists at
the tive dose 2 is administered, even though the drug in dose
I is no longer present. The effects of reserpine on sero-
tonin and norep~nephrine, persisting over days when the drug
itself is eliminated or catabolized in hours, is an example
(Russell et al, 1962).

In a third instance, carry-over effects aay result from
the mere procedure of repeated measurements of the same
behavior pattern. The process of ]earning obviously involves
such effects. It is possible that performance after admin-
istration of a chemical a uent may produce behavioral effects
which persist after the a-ent has been completely eliminated
or metabolized. An experiment by Behar and Riopelle (1957)
illustrates this possibility by demonstrating a persistent
retardation in the acquisition of a conditioned avoidance
response following a period of trials under the drug resrpine;
the authors suggest that " . . .some ne adaptive response seems
to be acquired diring the drug phase vhich persista into Phase
ilt*,
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The Latin square desi.rns used in the present experiments
made it possible to calculate sums of squares for successive
test series and frow this to determine significances of •
carry-over effects, Preliminary results using the return of
behavior measures to predrug baseline levels suggested that
seven days constItuted an adequate interdose Interval to
protect against carry-over effects, That return to baseline
performance level was in fact an inadequate criterion unon
which to base the decision is shown in Table 29, which
summarizes the pertinent parts of analyses of variance for
carry-over effects* Comparison of sums of squares for
successive administrations of the drugs, "weeks", with the
proper error term, "error (b)", (&bards, 1960) resulted in
significant F-ratios for two of the three experiments,
indicating that carry-over effects did occur during the
Librium and ethanol drug series but not during the pento-
barbital series.

What can be said about the probable bases for the carry-
over effects? The possibi-lity that unusual behavioral
effects produced during, the drug test sessions persisted
after the aments were no longer present in the bc4y seems an
unlikely candidate. The standard procedure for the present
experiments required sufficient predrug training to establish
stable basellnes of performance. With these baselines as
bench marks it was possible to detetAne whether particular
behavior pattprns did in fact ret'rn to baseli ne by the end
of the interdose intervals, Such return would be a contra-
indication to the possibility of persisting new responses of
the Behar-M~opelle variety. Evidence was presented earlier
that, following even the hiohest drug doses, the SER recovered
to placebo-condition levels by 48 hours.

In order to test the possibilities that the carry-over
effects may be attributed to the persisting presence of the
drugs within the body or to effects of the drugs on biochemical
systems which take ti-,e to recover, information is needed on
the time characteristics of drug absorption-metabolism and
of chanres in biochemical systems affected. Th~s is onL of
the reasons for including phartucological studies in the
present project, The results of the studies are leported
in section V below, where the questi.on of the bases for the
carry-over effects will be discussed further.
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7. Dose-order effects. It might be expected thht any
carry-over UYfe"c' us g from the presence of a chemical
agent or from its after-effects on a biochemical system(s)
would be some function of the dose levels involved. For
example, a high dose might be associrted with greater cumula-
tive effects than a low dose and/or with a longer duration
of cumulative effects. If this were the case, it would be a
reasonable bypothesis that carry-over effects, when present
during repeated drug administrations to the same subjects,
mipht be some function of the sequence or order in which the
various doses were administered. For example,"it might be
predicted that higher doses given early in a sequence would
show greater carry-over effects thanalower doses given early.

B using a Latin square research design involving
replication of the same square it was possible to isolate
a sum of squares corresponding to the particular sequences
or orders of administration of the various doses employed,
Tzs "orders" sum of squares could then be used to test
whei.sr the sequence of administration did in fact produce
significant effects upon the behavior patterns measured.
Table 30 summarizes the analyses of variance for the SER
measures at their pealk effect times. In none of the three
experiments were the dose-order effects significant.

Sumar. The experiments on the straightaway escape
response .ere planned to exaine some of the basic Issues
which affect behavioral screening prograns Involving repeated
use of the same subjects. The results of the studies are
summarized below. Three experiments were conducted; all used
rats as subjects. The chemical agents used.,vere Librium,
pentobarbital and ethanol; all were administered orally.

1. The SER was shown to be an easily-established
behavior pattern, which could be maintained at a hipbly
sta'le baseline level following its acquisition, Fhen
affected by one of the chemical aents used in the present
project, the SER always underwent the same pattern of change,
consisting of a rapid decrement in the efficiency of the
resovne 4.e.-, slower respondin a l.re
recovery to predrug baseline l-evels.
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2, The ma~itude of the chanve at peak effect time was
found to be very significantly related to the dose of drug
adinistered: as dose level increased, decrersnts increased,
This relatlea operated after a threshold for change in the
SU had been reached; below that threshold, changes in drug
dose level produced no effects on the response.

3* For all three drugs studied, peak effects were
rapidly attained, i .e., In about one hour, after drug
administration. Above the threshold dose required to pro-
duos a change in the SERI, the duration of the effects varied
systematically with the drug dose administered* duration
increased as dose level increased.

4. A madian behavioral dose, ED, was determined for
each of the three drugs studied. A s 2istical technique is
described for deciding whether or not a change in an individ-
ual subject's SER was "significant". Using this definition,
dosage-response curves were plotted on log-probability
coordinates to determine the BDs's, which were 9.0 inJkg
for librium, 11.5 mg/kg for pentabarbital and 1.5 mi/kg for
ethanol.

5, Chemical aments may produce significant changes in
the variability of performance as well as in the level of
performance* Two kinds of variabi lity were studied:

a. Intraindividual variability within single test
sessions showed significant drug effects only in the pento-
barbital experiment and then only at high dose levels where
hypnotic effects of the drug may have been an important
influence.

b. Interindivicual variptility within single test
sessions is eviZe'nced Fy chan~e in e standard deviation
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of the distribution of trean SERfs for individual subjects.
In the present experiments such changes appeared as increases
in the spread of differences amonp individual subjects.
Libri.m produced no such effects; some significant changes
were found in the pentobarbital and ethanol series, being
concentrated in the period immediately following drug
admirnstration and then at the high dose level.

6e The research design used in the three experiments
was a 5 x 5 Latin square with two replications of the same
square. This design was selected in order to test its use-
fulness in identifying the occurrence of carry-over and
sequential effects in research involving repeated adminis-
tration of chemical agents to the same subjects.

The replicated Latin square desimn made it possible
to deternne whether or not the order or sequence in which
the various levels of drug dose- were admnistered had an
effect upon changes in the SER. 1o such effects were found
in any of the three experiments.

Carry-over effects from one drug administration to
another may introduce complications in the interpretation
of results. This may be a chronic problem of considerable
practical importance in behavioral screening progrTats where
the sae animals are used for extended perioes of tiwe
during which drug administrations include not only different
doses of the same agent, but also agents with different
chemoorpbologi es. The present experiments demonstrated
that significant carry-over effects may or may not occur.
They were found during the Librium and ethanol series, but
not during the pentobarbital series. ith adequate research
designs it is at least possible to determine whether such
effects have occurred in order that they may be considered
in interpreting results obtained, even though they have not
been eliminated.



E. Straightaway aproach response (SAR)

The straishtvay approach response, like the SR1 , is a
simple conditioned operant responses which in easily estab-
lished and is relatively stable once it has been acquired.
Tn contrast with the SER, it is an operant response motivated
by an appetitive dive, rather than a response to escape
from an aversive stimulus, Since behavior under these two
general types of motivation m be affected differentially
by drug action, the SAR was included as another measure in
the present battery of behavior tests.

Ilsearch desn_. Two SAR experiments were conducted,
each with a different research design and each involving
only one of the three prototype dr".

The first experiment employed a 4 x 4 Latin square
design with five replicat4 ons of the same square. Each
replicetion required four animalsp four drug series and four
dose levels. Xnimls were assigned at random to the four
rows of the design. As in the SER experiments, the standard
interval between drug administrations was one week. Hats
were used as subjects and the effects of Librium at doses of
0, 4, 8, 16 mg/kg of body weight were studied.

The second experinent used a randomized groups design
(Edwards, 1960) in which n - 25 su.Jects were assigned at
random to k - 5 dose levels with five subjects for each dose
level, Subjects wi thin each dose group were aftInistered
their appropriate drug dose only once. The drug studied was
pentobarbital sodium at dose levels of 0, 5, 10, 20, and 40
mvokg. Again, rats served as the subjects.

Subjects. All subjects -ert- ma.c uhite rats of the
Holtz flbino stock, None had participated in previouL
experiments. All weighed between 330 and 430 grams. In
both studies they -)ere randomly assigned to their respective
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treatment oxoupe in accordance with the requirements of the
research design. All were housed in sperate cages during
the experimental period and had water available ad libitum.

Tet situat4 on. In general term, the test situation
consii- ofi lpe straightaway connecting a starting box
and a food box, which the animal had to traverse in order to
reach the food incentive, The straightaway was, 5 ft. lO*
inches long, 3 3/4 inches wide and 4 inches high. Tminng
times were recorded automatically on a Standard Electric
timer calibrated in hundredths of seconds; the timer was
activated at the start of each run when the animal inter-
rupted a photobeam at the exit of the starting box and vas
stopped by interruption of a photobeam at the entrance to
the food box* At the beginning of each trial the experimenter
placed the animal in the starting box and released it for
the run by raising a door which separated the box from the
straightaway. The apparatus was located in its own experi-
mental room where illumination, ambient noise and other
distracting stimuli could be controlled.

Procedure. The procedure consisted of four major
phases.

Since the SAR involved approach to food, a standard food
deprivation schedule had to be imposed before the experimen-
tal trials began. This schedule is established in Phqse 1.
After their arrival in the laboratory all animals were kept
on ad libitum feeding for 16 days. On the 17th. day adapta-
tionto thefood deprivation schedule began with a 24 hour
period without food. The following day all animals mere fed
twelve grams of food in the form of standard Wayne BMox for
rats. This controlled feeding continued at 24 hour intervals
for one veek. Daily records were kept of each subject's
weight and of its food intake.
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Phase 2 consisted. of prelieinary training in the straight-
away, which begran on the day immediately following the end of
Phase 1. For the first two days each animal was taken from
its home cage and placed in the. apparatus, being given two
minutes of orienation each day in each third of the straight-
away. Training on the third day began t7 putting each
animal into the food box for 90 seconds, where it found a
mpply of sugar pellets of the kind to be used as reinforce-
ment durinr the later experimental trials. Sugar pellets
were used instead of the standard.Wayne Lab Elox because
rate do not satiate as rapidly with the former as with the
latter and because the former do not provide as strong
olfactory cues. After 90 seconds in the food box, each
animal was given five trials which began in the starting box
and ended with entry into the food box. A subject was
allowed to remain up to five minutes in any one third of the
straightaw%, but was forced to move on after this maximum
time. If after 15 minutes entry into the food box had not
occurred, the animal was removed from the straightaway and
the next trial begun. When an aninal completed a trial within
this time limit, it was allowed 10 seconds in the food box.
After the five trials, which coastituted a test session, the
pellets remaining in the food box were weighed and the
animal returned to its home cape, where it received regular
diet in the amount of 12 rrams minus the anount eaten in the
food box. This procedure was followed for 14 dayes.

Having shaped the SAR by this preliminar 7 training
procedure, the task for Phase 3 was to establish stable
predrug baselines for the performance of each animal. The
standard procedure introduced in PhAse 2 was followed: fi.ve
daily trials consti'tuted a test session; these were run in
succession vith a 10 second intertr3al interval; food intake
was controlled as described in the preceeding paragraph. A
criterion for estal'lishment of a stable baseline was arbi-
trarily set: each animal wes required to maintain a mean
time for the five tri als of a test session which did not
vary more than 10 per cent during a period of six successive
days. There were indl-idual differerces in the amount of
traininF necessary tc achieve this criterion. There-Tore,
each individual animral was moved to the next phase tX tLe
procedure on the cay following that on which it reacued the
criterion.
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Phase 4 was the drug phase. Drugs were administered
by intubation in accordance with the resear,6 designs des-
cribed earlier. Me "administration was eo pkanned in each
case that the first behavioral test session could begin 20
4tnutes later; standard test sessions were then run at 24
hour intervals to a total of 2h4 hours, i.e., siz days, thus
priding data for the study of tme-response relations. In
the experiment involving the Latin square design,, animals
received their second do-ses of i6-briu. on the seventh day
and this weekly regimen continued until each animal had
received the four dose levels reqaird. In the second
experiment, an data for the randovdzed groups design were
collected by the completion of the sixth day test session.

Results. The results cf applyinr these procedures were
analyizVoprovide information about several features of
drug-behavior interactions. For the analysis the conventional
procedure was followed of converting the raw time measures
to rate scores, the reciprocal of time.

1. Statility of baseline performance. In order to use
each animl asn i - control, -it was necessary to establish
stable levels of predrug baseline performce. Any changes
induced by administration of a drug could then be expressed
as a per cent of each subject's own baseline performance.
The first two columns in Table 31 present the means, 2, and
standard deviations, a. for each of the 20 subjects in the
first-Librium-experiment, calculated from the performance
rates for the 30 trials of the six days immediately preceeding
the first drug series. Table 32 gives comperable data for
tho 25 zunimals particiNting in the second-pentobarbital-
experiment.

As in the case of the SER, it would be expected that
the effects of the drugs at the present relatively low dose
levels would be evidenced as reversible changes in any
behavior measure affected. To check on recovery, each
animal's performance rates were coaputed for the last two
test sessions of each of the Libriun series. There data
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are reported in the last four columns of Table 311 the
asterisks indicate those rates which fall beyond : 2 standard
deviations from the means of the distributions of predrug
baseline measures. It will be seen that the maority of
these performance rates did in fact return tn .redrue levels
ithin the six-day intertreatmant periods, significant
differences occurring more frequently as the series progressed.
No comparable data are available for the pentobarbital exper-
iment since the randomized groups design called for only one
drug administretion to each subject.

2. Dos-resw, e relations. Table 33 presents the
basic datra- altig to iose-response relations for the
Iibrium experiment. Each number in the table is the mean
for the performance of 20 subjects calculated from the per
cent change from predrug baseline performance for each
individual animal. In this way the effect on the SAR of
each dose level of the drug was evaluated in terms of each
animal's own perforance under non-drug conditions. The data
are plotted graphically in Figure5

Inspection of the table and figure suggest that admin-
istration of Librium resulted in decrements of performance
which were related to the dose levels which produced them:
in general, as dose level increasd, decrements increased,
although no clearly defined differences appeared at the 4
mg/kg and 8 m/kg levels. The significance of this dose-
response relation at the peak effect time was tested by
analysis of variance and is given under "doses" in the summary
Table 34. Drug effects at this interval after administration
were highly sirnificant; therefore, further comparisons
among the dose levels were made using t-tcsts for correlated
observations, since the connarisons involved pairs of measure-
ments on the same subjects. Performances at all three dose
levels were found to be sig'nificantly different (P (.01)
from the performance of the placebo group.
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A different method oi analysis was appropriate for
treating results of the second SAR experiment, Wh' ch employed
a randomized groups design in which the subjects received
only one drug admnnistration each. The moan per cent baseline
performance levels for the 0, 5, 10, 20 and 40 mg/kg groups
were 119, 102, 79, 47 and 17, respectively. There are
obvious decrements in performance which appear to increase
systematically as dose level increases. The significance
of the decrements was calculated using analysis of varia.nce
for the randomized groups design; the result was the highly
significant F-ratio shown under "B. Pentobarbital" in Table
35. The table also summarizes the results of treating the
data from the first tert series of the Librium experiment
as if it were an indepenldent randomized groups design.
Again the dose effects were found to be significant, a finding
confirminr -he results of the more elaborate Latin square
analysis reported in the pre3eeding paragraph.

3. Time-response relations. To study the time course
of a partcU a-rarR-ehavior interaction requires repeated
measurements of the behavior at a number of intervals follow-
ing administretion of the drug. It is important that several
of the measurements be made at times when the process of
absorption and metabolism of the drug is undergoing its major
changes. When the process is a rapid one, it is necessary
to schedule several test sessions within a period of less
than 24 hours, as., for example, in the SR experiments des-
cribed earlier. Under these circumstances a technical
problem arises hen the motivation used in generating the
r-:;;, -ior pattern measured is a drive which is satiated by
T-'- "orcement of the behavior, e.g., hunger or thirst; the

- !or is altered with repeated reinforcements and ttese
mot' ,ational changes confound effects which may be produced
by the drug. This was a seriouc problem in the present
experiments, where several of the behavior patterns considered
important to study were dependent upon satiable appetitive
drives,

One solution to the problem requires the introduction
into the research design of an additional independent vuriablet
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time after drag adkinistration when the first asmumitevat
of behavior are moea Br using several timea, relatioen
bstween parmaclorgial chsniee within the body and change
in behavior m be mapped. 1bt to carr7 out such a deeip
either requires additional Proups of subjects or additional
test sessions for the sae subjects, in both irntane
increasing considerably the tim and level of effort involved
in completing each eperiment.

?Is proeam explains why, in the present SAR experi-
mnts, time-respotm relations can be described only in
approximate terms Tatle 36 siamurizes the available infor-
mation. hah durt .on in the table was obtained by deter-
mining the test session at which differences between measures
under a perticular drag condition and measures for its
corresponding placebo condition ceased to be significant;
significances were computed uing t-tseB for correlated
observations (Fdards, 1958). As in the case of the SM,
the peak effect time was reached very rapidly after admnis-
tration of librium at all does levels. Differenoes between
the drug and placebo groups disappeared vithii 24 hours,
Ow discrepency between the SER and SAR appea-. at the 16
mg/kg dose where the BAR recovered more rapidly than the
IEt, which did not return to the placebo group's level of
perfortrnce until after 24 hours.

4. Median behavioral dose. Data from which to determdne
M 01s foF oW --q-~-en r not as complete an is
nooasar7 for reliable calculations, More point. an needed
between bhe 0 and 100 per cent levelm on the r63ponde dimn-
sion. To obtain rouphI and very tentative approximations,
the log-probit method used- in tr-tinF tho SIM data was
applied to the results of the ibrium experiment, giving a
EDO of 7.7 meg/k. No approximation car. be made for the
pentobarbital results.
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Table

3twlg~tawrva App-oacb flaapwa X~ak EU* '"~Iwo
and Thrations of Effeete, IMbrimm

Dee (we/kg) Pnk Effect Una'1  Dration cut faots2

0 -

14 20 <24

8 20 <24

16 20 24

1 Mnutee after drug administration~.

2 Ilotire until retm-n to bseline performance levels.
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5. ateingiidthe= IV &aiam.
-otsrin helevels at wih

Ve perform te sa e task. This interindividul variabi it
N be affected by caeichl agents, effects beineg vidaced
as chaue in the Ps d of perfornoe euasus durikv the
dgh Peiod oo test the possibilmi that such an sff*tA
sight have operated nder the present ererimetal, ooudicns,
standard deviation sonre compted for perfomenc at aL dos
levels usinp the stodard per cent change fxm amedrog
baseline a .the performace measure. t e results are sumar-
lied In bable 37. The table presents Information for the
Ibrium ep ient, only, suinm the radodsed groups design
of the pentobarbital experimsnt did not provide measure of
behavior from the sam animlA at all dose levels.

lb significance of the difference between varian" at
am of the drug levels and varihne at the corresponding
plaoeo level my be tested by conparing the unbiased esti-
mtes of the population variances as an F-ratio (Sedemrs
IM9). Whem such ratios were ocuputed for the data in Table
37, it was clear that the ineass in interindividual
variability during the first two test sessions, 20 minutes
and 24 hours, after administration of the drug were higbly
significant, all ?-ratios being well beyond the 45 level
of confidence.

6. C&y-over effects. The latin square design used
in the Li um Wi rmT m~ad9 it possible to test for the
significance of any earry-over effects. Coparson of smum
of squares :or success. ve administrations of the drug with
the proper error term resulted in an F-ratio significant at
better than the .05 level of coiidence) indicating that
carry-over effects did occur. The data from tis antoysia
of variance are sutnurised under "weeks" in Table 34. The
presence of carry-over effects in this Librium series
involving the $AR cowresponds to similar effects for the
action of Librium on Ijw SE&
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Tble 37

StraightaW Approach rbspone. Effects of Ibram
on Interinividual Variability of 1erferumbe

Ti after Done (umg4)
adminitr:ation(Hours) 0 a 26

20 oduutes 9.7c 3o.942 30o. 2  2 .o 2

24 n.53 20.202 24.002 23.28

18 12.1 17.52 25.90 17.61

72 24.96 15.81 19.92 12.12

9~6 18.92 16.52 22.32 1349

120 18.60 36.22 19.49 17.97

1W. 16.19 l.53 18.o3 18.76

1 Sipressed as standard deviationa, n.

2 Sigificant at P - .05 or better when compared with the
variance of the corresponding placebo group.

I II
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7. Doee-order effects. The research desig for the
present IZEuSARImORen'also provided data from which to
determine effects, if any, on the level of SAR perform"e
of the pert.cular sequences or orders in icdoh the was
0nistee., Anay.is of varianoe was used to tet thVis
pesility, the results of the teat being summnried imdr
"orders" in Table 34. it win be seen that the F-rao
obtained vas not significant.

Stamumv. The reults of the two SAR experiment@ supple.
met e--f the 85 studies. The main issues on vlich
thy contribute Information are sutmarized briefy in the
following peragraphs. Rats were uard as subjeots in both
SAR experiments, One experiment employed a x atin
square design wi.th five replications of the same square;
the other was a simple raendoised groups desig involving
five dose grupe with five subjects per group. The former
studied effects of I briun on the SARI the latter, the
Offedts of pentobarbital. The drus were administered
orally,

1. Although it involved a different form of motivation,
the UAR bad basic ohaiacteristitu in eomon with the SR.
It was easily established and remained at a very stable level
of performanoe one it was acquired. When affected si n-
ficantly following afnistration of a drug, it mdervent a
reverelble change, reeovezy eventually reaching or appri-
mating predrug basline levels, In both experiments uhanps
were in the direction of slower respone times.

2. The memnitudes of the decrements in perforemo were
related to level of drug dose aminietered, the trend being
for decieventa to increase as dose level inereased. Statis-
ti cl teste at each drug's reek effect tire showed the
decrements to be very sinificantly different (P < O1)
fre the perfoace level of the oorresponding placebo

I .m:9
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3. The SAR illustrates a Idnd of liTitation imposed
on the study of time-response relations when appetitive
drives provide the motivation required to Renerate the
behavior under observation. Repeated measures of performance
are required at intervals during the period when the absorp-
tion-metabolism of the drug is undergoing its major change.
This usually means scheduling several test sessions within
a period of less than P4 hours. This raises a technical
problem since the drive is satiated at least to some extint
during each test session and my not have returned to its
standard controlled level before tie next session, Under
these circumstances, measures of behavior may reflect changes
in motivation as well as drug effects. There are solutions
to this problem, but they involve additional groups of sub-
jects or ac'ditional test sessions, both of which increase
significantly the level of effort required for completion
of an experiment.

In the present experiments time-response relations could
be described only in approximate terms. They did show,
however, that peak effect times for both drugs were reached
very rapidly and all behavioral effects had disappeared by
the end of 24 hours after administration. At the highest
Librium dose level the SAR recovered more rapidly than the
SER.

4. Only a very tentative approximation could be made
of the BD5 for Librium. The value, 7.7 mg/kg, differed in
magnitude rm the BD5 of 9.0 Tg/kg for the SER. However,
the tentative nature oF the former provides no m.eans of
determining whether or not the difference is significant.

59 Librium had the effect of significantly increasing
interindividual var5 bility of SAR performance at the 20
minute and 24 hour test sessions following drug adi stra-
tion. This is another difference in that drug's effects on
the SAR and the SER, the latter showing no significant
effects of this kind.
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6. Carry-over effects from one drug administration to
another were significant (P ".O5), as they were in the
experiment on SER.

7. No significant effects were found of the particular
order or sequence in which the various doses of Librium were
administered.

8e The experiments provided information about the
usefulness of the two research designs employed.

a. The nresence of significant carry-over effects
in the Librium experiment emphasizes, as did similar effects
in the SEE studies, one of the major problems in repeated
observations using the same subjects. The randomized groups
design removes any possibility of carry-over effects, since
each subject receives only one drug administration. But
this design raises very practical problems of the 3evel of
effort required to obtain as much information as the Latin
square design provides at a lower cost; some kinds of
information provided by the latter design cannot be obtained
with the former, but this is informa.tion about interaction
effects the presence of which complicates interpretation of
results

The analysis of the Librium date illustrates a
possible way of combining the two types of analysis in one
experiment* By replicating the Latin square design, the
first drug series provides d ata from animals assigned at
random to the several drug, levels. Operationally this series
is analogous to a randomized groups design. In the present
Librium experiment five animals were assigned randorily to
four dose levels, or rroups, for the first test series;
treatments of the aninals in the second and subsequent test
seri.is were, of course, restricted by the req ,irements of the
Latin square. When the results of the experiment were
analyzed first as a Latin square design and later as a



randomized groups design the dose-response relations in both
cases were found to be significant, thus corroborating each
other.

As was pointed out earlier when the general topic
of research design was under discussion, the randomized
groups design is less "iffy" than the Latin square design,
where significant interactions may confound the results.
However, when repeated measures on the same subjects is
deemed to be a practical necessity, the Latin square design
does provide information as to whether or not significant
interact ons have occurred.

b. Both research designs in the SAR experiments
demonstrated one weakness which deserves attention. In
neither case were the numbers of rroups or dose levels
mfficiently large to provide adequate data for computing

Bl so. Had it been possible to follow up these pilot
studies, fuller coverage would have been incorporated of
the dose range between the point where no subjects were
significantly affected by the drug, and the point where 100
per cent were affected. This is a point to be considered
during the preliminary studies leading to a final decision
on the dose levels to be used in studying a new agent.
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F& Fixed..watio operant response (FRu)

The project's Report Al described the desirability of
including a wide range of behavior patterns In #W~ behavioral
screening program. The mthodoloor of operant conditiordug
ca be applied at man points In Med range; the literature
in poychopbuaaogy testifies to its wids applioatioe to
research on drugbehavior interactions (e*go, Oda, and
Daley# 1960). Siduan (1962) baa described son of itd
advanta as follows I

"It obtains its data f row the individual; It uses
the I ndividual as his own control; it evaluates
data. in terms of Its replickbility ind utlil;
It ss techniques that have spebies gnrelityl
it exaines instanoes of variability.3

ITh SIR and SAR described above are example@ of very Aumple
operant responses. It, the present project the basic athod-
oloer of operant conditi~oning was also employed to experi-
mant dssiffed to study more complex behavior patterns*
Three of these were traditional 1ever-pressing, responus
performed under different reinforcement schedules.* The
present sectice describes two experimenats in which the effects
of Libriuma and pentobarital on a fixed ratio operant response
were studied; the next section of the report will deac-Mbe
studies iwnolving variable interval reinforcement and thr&
following section, a pilot study of differential reinforcement
at low rates. Pae served as subjects in all experiments.

Researh desiv.oth sixperiments employed Latin
sqaaraaj-s71.nither csse was there suff icient time
to replicate the design.

The TLbrium ewpk'rivent used a 4 4~ Latin square with
four anilas four drug series and four dos levels,* Animls
were assipped at random to the foar aom of the design. The
stakdrd interval between d&"g administrations wee oae weak.

Tedoe levels %eret 0, is, and 16 m~g



The pentobarbital study followed a 3 x 3 lAtin square
design with three animals, three drug series and three dose
levels. The doses used were: Op 20 and 30 mg/kg. A3.1
other features of the research design were the same as those
:In the idbrium experiment,

Suo jects. Four subjects participated in the IAbrium
series andtree, in the pentobarbital series. All were male
white rats of the Holtzman Albino stock. None had partici-
pated in previous experiments. In both studies they were
randomly assigned to their respective treatment groups in
accordance with the requirements of the research design.
All were housed in separate cages during the experimental
period and had water available ad libitum.

Test Bit.dln, In the FR situation the subject is
requi to respond a fixed number of times for each rein-
forcement. Attaininp reinforcement is, therefore, "response
contingent" in the sense that it depends upon the subject's
own behavior. Characteristically, if the subject does not
respond at close to his maximum rate, he does not respond at
all. This is a kitd of situation which occurs very frequently
In the course of human behavior.

The general test situation has been so fully described
so often in the literature that it is necessary only to call
attention briefly to its main features from the point of
view of the present experiments, The apparatus used was a
standard Skinner-type of operant conditioninr box ccnstructed
to Dr. C.B. Ferster's specifications (Ferster and Skinner,
1957) by technicians in his laboratory. A food pellet cup
was placed immediately beneath a t-shaped lever extending
from one wall of the hox. An automati cally programmed food
magazine was located in a separate comportment. The pro-
gramnLng rack containing relays, timers, power supplies, etc.
necessary for controlling and programming the experimental
procedure was kept in a separate room. The sound-deadering
of the box and its location in a separate experimental room
made it possible to control ambient noise, illuMLr.ation and
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other distracting atimuli A cumulative recorder kept a
graphic record of al responses; they were also monitored
on electric oounters.

Procedure, The procedure consisted of four successiveIphaseE,. irst phase involved establishing, a controll.ed
feeding, schedule, The animals were first deprived of food
and then brought to and maintained at 70 per cent of their
ad libitum body weights. All were weighed and fed dai2,y.

eTTi-e R training began, they were fed only after comple-
tion of the day's trials; the food evailable was determined
for each animal by the amount necessary to maintain its body
weight at the 70 per cent level,

The second phase centered upon shaping the lever-
pressing response. The shaping process used procedures
standard in operant conditioning methodology (Ferster and
Skinner, 1957).

After the animals had 3earned to rress the lever, they
were put on an FR schedule of 11 responses per reinforcement,
the ratio being oh'zn f..w,,,,, .,,_ .'ich had
been used successfully in other studies. A day's test
session consisted of 550 responses, the main measure of
behavior being the ti. taken to complete this total* This
procedure was followed in Phase 3 until each animal had
established a stable response rate, the criterion being
variability of not more than 10 per cent during a period of
five successive days.

The drug phase began on the dpy after each animal
reached this criterion* Digs were administered in accordance
with the research designs described earlier. All doses were
administered orally by intubation. Administration was planned
so that the first behavioral test session could begin onb
hour later in the Librium experiment and 20 minutes later in
the pentobarbital stdy. Standnrd test sessions were then
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( run at 24 hour intervals to a total of 41 hours, providing
data for the study of time-response relations. All aniuls
received their second doses on the seventh day and this
weekly regimen continmed until each animal had completed the
nmfter of drug series requirede

Results,* For purposes of analysis, raw time measures
were co ed to rate soores, the reciprocal of timee Each
subject was used as his mn control, changes in responses
during the drug series being expressed as per cents of each
subject's own predrug baseline performance.

Io Stabiity of baseline performance. The stability
of the predM% se~ne-er~ormace for each animal in the
two FR13 experiments is shown in Table 38. The means, 2,
and standard deviationsp s, are based upon rates of responding
during the last six test sessions preceeding the first drug
admrnistration. The standard deviations indicate that the
variability of responding during this period was small.
Undoubtedly even this small intraindividteal variability
could have been brought closer to zero with further prelimin-
ary training. The practical question of relation between
amount of extended effort and gain in the analysis of the
resiits entered here and the criterion for stability des-
cribed earlier was established.

To check on the maintenance of these predrug baseline
levels durine the d rug series, each animal's rates were
computed for the last two days, i.e., test sessions, of each
week during the drug phase of the experiments. The results
of experiments on other forms of behavior had shown recovery
to be complete within 4S hours following administration of
even the heaviest drug doses, It will be seen in Table 38
that, in all but one instance, performance on the last two
days of each Librium series did not differ significantly
from predrug baselines, i.e., was within ± 2 standard devia-
ions of the pre'run rean. The number of deviations was
greater for the pentobarbital series.
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Table 38

I*,OPOz~t awluse I ..3J.M Nwforwn IAnhu

.Nvjgmg A2  Drug Seri"g (!Abri)

1 0.40O 0.03 0.412 0.4.3 OJa 0-36

2 OA6 0.OR 0S 0.62 0.57 0.5kI

3 0.12 0.03 0,4~7 0.4.8 0LA6 O.3a

flate.'
Pmydrg D2 Drug Seriss (Pontcabarital)

Animal1 9 1 2

1 0Jew 0.O2 040 O Cd. 0.51*

2 O.A 0.03 o.4.5# n J4 0 .53

3 0.1a9 0.03 0.53 0.4.7 0 17

I1 /t4 1 to wi M) res;3I

2 !O um the~ lst six j)I54w, test ***elms.

3 bIss oro thebst two tost m.eiace of ech 4Mu orloo.

ao4 2 stwAkdar i '1tn i2 of*"u Nso.
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2. s o relations. ablec 49 and 40 present
the relative lve or peronce at each test session after
adoinistrstion of the various doses of Zibriva and pento-
barbital, respectvmely. Eaeh numer in Table 39 is the mean
for the performnce of four anmals and In Table 40, the

erfcwomno of three, Eah me oalculatd from the per cent
change from predrug bueline perfowanos for each Individual
animalj in thI@ way, the drug effects a evaluated in team
of each animal@s own performmnce under non-drug conditions.

Inspection of Tables 39 and 40 suggest that both drg
had effects upon the %lq response in the direction of an
increate in time to perform the standard 5$0 responses as
drug dos level increased. The signif I canoes of then drug
effecte at pesk effect times wre tested in the analyses of
via race smmarised in Tables l and 42j in the table drug
effect# are shown under "doses", The F-ratio for the idbaim
data was found to be signifioant at better than the .05
level of confideveo 7he corresponding F-ratio for the
pentoberbital data m not sieifioants probably because of
the sill mmber of oases Inrelved and, henoo, the vYo
restricted nulber of deogees of freedom availablo for the
evaluation. Thfortunately, a rep3oation of the design we
not possible w1thin the t1me limits of the project.

3. ?Ims-r~onee relations. Tables 39 and 40 provide
infoation on tmer-eporee, w ell as dose-response,
relations durinR the six daye following drug afmtnistration.
In both Instancees the ,ermral trendu are simila in shape to
thoese eharateri:in, the effects of the two d&u on other
form of behavior already dercribed, deremnts ID per-
formunoo developed very quic ly aft3r drug administration,,
probably reochinit peak effects in one hour or Uos*, and wm
followed by a more gradual recovery to appr d mtely predrug
baseline levels, The duration of the effect, defined in
terme of hours after adn' utration needed for significant
differences fom plaebo baseline wevls to disappear, ms
longer for TAbrhu than for entobafbital, the latter
terminating in 24 hours or les and the forer in 24 to 40
bcMo
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Table 39

F lzed 54o uperwt reeponas Zffect of Ubm I
on Perfarmw ae Level

Ties after Dose (ugkcg)
acbddetraton

NOUNu) 0 e k
1 100 90 90 73

24 104 101 100 77

48 106 io6 io6 98

72 105 109 109 100

96 109 105 95 101

120 103 106 103 10

U4 103 13 104 104

1 2xpre sed as per oent of predg baecline perfornces,

[ a
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ft1ud 1~tio Operant Rwone MYcl ofPnobf

aPerformac !aiml

Time after Dose m/
&M M stration

(ffOMV) 0 20 2

20 Idntox 102 50 1.6

24. 96 92 101

4.8 99 92 9

72 104 96 96

96 lip 100

12o 102 74. 94.

11.4 n10 959

hprwod as per cent of Prodruig bejeline prfo a*
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F5n Opuraut Rompouue Libium

ftumat o Anulyuis of Varianos

3ouros of sm of Man
Vu'iation Sqa d., Squa I P

Dom 1,528.50 3 509.50 9.51 < 5

Vehus 3,,690.50 3 18230.17 22.96 <.S0

SobJeots 766.50 3 255.50 4.77 (.05

Irror 321,50 6 53.58

TOa 6,307.00 15

I 'I
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Table 42

FlnOPw DROMO" Pbtoba3f1tai

il3a='o,, of $Ain s o f rio

SCUM of Sm ofRo
VhAlloo 8quares d.of Squ p

DOWs %,88822 2 2,9WI.1 IM? u

Wka 1,120.22 2 6 0.-

kbjct 3,139,55 2 i%69.78 -

&Tor 302o6.23 2 1,648.12

TOWa 1.3,W"2 8
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4. Variablity of performance. Data on interindividual
variabilityofpefrmance are presented in Tables 43 and 44
for the Itbrium and pentobarbital experiments, respectively,
The usefulness of these data is questionable, since they are
based upon such small samples of subjects. Ho ever, the
analysis of variance for the ibrium data, summarized in
Table 41, indicated that significant interindividual differ-
ences did exist at the peak effect time, the "subjects"
source of variance being associated with a t1P' of about •05.
When this fact is considered in examining Table 43, the
standard deviations for the one-hour test session appear to
have been increased under drug conditions, although there is
no clear relation to dose levels, The data for the pento-
barbital series are too scanty to warrant any speculation,
despite what appears to be a very marked increase In varia-
bility with increaqn a dec level at the 20 minute test
sessi on,

5. Carry-over effects. The Latin square design used
in the LiM-= stu-- p ed sufficient data for testing
the possible significance of carry-over effects. It will
be seen from Table 1 that the F-ratio for "weeks" was highly
significant. Ibis finding fits well into the general
pattern for Librium Nhich also chowed significant carry-over
effects in experiments on the SER and SAR. Although any
conclusion from the FR2I pentobarbital series must remain
tentative uhtil more svu jects have been studied, it is of
interest to note the apperent lack of carry-over effects in
both the PR and SER experiments, Data on the former are
summarized in Table 42.

Summmy. The results of these two pilot studies may be
sunmarized riefly. Both experitents used rats as subjects,
one in a Ludy-ndip4 effects of Librium on the FR operant response
and the other, effects of pentobarbital. The drugs were
administered by intubation. 1ibrium in doses of 0, 4, 8 and
16 mg/kg and pontobarbital In doses of 0, 20 and 30 mg/kg.
Both studies employed Latin square designs; time limits of
the project did not permit replications of either design.



Table 1 3

Fixed atio Operant ulbponses Effects of lbAip
on I terindividual Variabl1ity of Performnc,

Tim after Doe (ig/kg)
addnistration

(Nou) 0 16

1 8.06 26.08 18.28 22.65

24 8.94 8.19 3.6 5.74

48 8.43 3.32 3,00 11.27

72 9.80 10.68 9,38 6.40

96 9.43 10.10 25.55 11.70

120 15.78 14.5 9.00 4.47

1Q 7.14 5.66 6.32 5.92

1 bIpem an standard derations, a.
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Table 44l

Fixed Ratio Operant Ibsponses Effects of Pen~tobatitel
on Interikdvidual Variablity of Perfomns

Tim after Down(g/g
rndinistration

(Hlours.) 0 20 2

72 14.oo 10.68 84

96 18.00 8.cc 3.00

M2 33.31 17.09 6.93

144 ~9.17 > 446

1 Ipesed an standard deviations, so
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19 The FR sitmation prov-hAs an opportunity to study
effects of drugs on behavi or in whidch reinforcement Is
"response contingent". i1e,99 attdining reinforcemet depends
upon the subJect's own behavior, Th. standard pocedure for
establishing the response provided vez7 stable predrug
baselines of performance once the response ws acquired.

2. One of the effects of both druvn appeared to be
ev'idenced In an increase in time wo perform the stamvard
nuuber of responses as duRe dose level increpee Anal~yses
of variance showed the effet to be sIgnif1.cant in the
Iibrm data and not In tbe pentobar~tol series, probably,
benaise of the small saa'le in the latter study.

3. Tim-response relations tci the favaiiar form in
which dcrements in performance dev~oped rapidly, probsblj
reachiing peak effect times in one hour or less, and were
followed by more !Fraduh1 reciverr. Iboovery required & longer
time, 24 to 408 hours,, after edminsr.-ation of Librium than
after pentobarbital, within 24 hours,

4. The usofuilness of data about -Interindiwidual
varl'abili .r of perforusi,,. is qneetinnable wvesie of the
small sesxp1e of subjects studied, AnaLysis of variance zZ
the ibitus data showed significant "subjects" variance at
the Peak effect time, which Wsy be accounted for In terms
of aai icnase* In variability under the drug oidiiona.

5. Sistnificant carryover effects were founo in the
Librita Seres, ca., aoon~tinp to siallar effects of that
drug on the SM and SAR.

6. The roculta of the two oineto demenstxete
that studies of drug ef"ects using wmrep~ioated Zatin square
deoigs as lUmited as ta x 4can nrovide statisticaly

i~i I. 4
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mupitomt resultse In experiments reported so :a' such
d.igne have renged from 3 x 3 to 5 x 5; replioativ n have
ranged from none to fives Although the wor liited deelps
MV produfe sow useful informtiou, it is clear that thq
do not provide sufficient data for such analyes as log-
pobit dtemnatin of 3I'aDs.
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G. Variable interval operant response (vI) and conditioned
emotional response (CER).

The fact that normal behavior patterns ma be disrupted
or interferred with by emotional disturbances is a common
observation in everyday life. The enhancement of s.ich dis-
turbances would be a useful property for an incapacitating
chemical agent.

During the past several years, considerable attention
has been .ven to the development of experimental techniques
by which the effects of a "controlled' emotional response on
some other ongoing behavior may be studied. One of the most
frequently used techniques involves superimposing a "condi-
ti oned emotional response" (CER) upon some r.ther form of
behavior, e.g., lever-pressing behavior. Using lever-pressing
as an example, the technique may be described as involving
the following successive phases. The lever-pressing response
is reinforced on a variable-internal schedule until response
rates have stabilized. Next a CER is superimposed upon the
lever-pressing behavior by presenting an auditory stimulus at
regular intervals and for fixed durations during a lever-
pressing session, the stimulus terminating with a brief,
painful electric shock to the aniralts feet. After several
eessions with shock following every presentation of the
auditory stimulus, the schedule is changed so that shock
occurs only occasionally after termination of the stimulus.
The CER resulting from this training is characterized by
suppression of lever-pressing, crouching, defecation, and
immobility. With sufficient training., the ratio of number
of lever responses during CER periods to the number of
lever responses when the CER is not superimposed remains
stable. Studies have shown differential effects of different
chemical ac.ents upon the suppress!on of a normal behavior
pattern by the CER (Hunt, 1960). The CER was included as
one of the behavior patterns to be studied in the present
project.

Since the procedure for measuring the conditioned
suppression involved establishing and recording a lever-
pressinr rerpnse reinforced on a variable-interval schedule,
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each experimabt could provide information about the effects
of a drur an the VT operant response as ven as on the C.
a16m (1960) Me pointed out that, if the V1 schedule is
proparly countructed, subjects win respond at sted rtes
and performance win be eensItw to many experim'4al
imnipulations, e.g., drug adinistrtion.

i eaw oh ri . 'No pilot o t8e were onacted, one
ivm1 W-oiW = MniTtrstion of Librim and the other, pento-
berbital. by* used 3 x 3 Latin square research desigs,
with no replications. Rub study required three animal.p
thrae drug series and three doe, levels, Rats served an
subjects, being assigned at random to the thm rove of the
daeigns The standard intertreatmsnt interval we owe wok;
ae teat session =a given tach days

Tet sitrAtin. The general requiremnts for the teat
sItp&T! o sribd i the introduction to this ection.
Both the VI operant respouw and the CIR mre establahed
aid measured durino' drw treetmeiits 'n the same Sinaer-
type box used in the Ph experiments * The only additions
to the apperatus vee, tsd e for establishmnt of th
Ci , i.., a ontrolled shok to the irid floor of the bu
and a contra1ld cliang sound, The @book we produced 17
a Sfiddon shock tenerator calibrated in the low millia ere
ienge u'ch passed Cnnt thriao a standard scraqler to
ths rrid floor. fhe auditory stimulme we fed into a iJu-
speaer# locatied in the box, by a tratmistorlsed square r
generator.

o. Six male vilt. rats of the Hltam Albino
oak0 as vujocte, throw in "eh expriment. the

ha 11-A pa .:Iptde in any previous *tLdiea. All wort
housed In indirftua ca'v. duri, their partieipatlon in the

"mrimunte. Ily vere watered ad libitum in their hem

can"
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Ploedurs. Since food-hun_er served as the form of

motivaton in both stud.ies$ Phase 1 of the procedure a
devoted to ostablishing, a controlled feeding schedule. The
animals were first deprived of food and then brought to and
maintained at 70 per cent ol their ad libitum body -eight.
All were weighed daily and were fed'Tn"h rome cages
after completion of a day's test session. The mount of
food made available was that necesseary to maintain body
weight at the 70 per cent level.

Phase 2 consisted of shaping the lever-pressing response
and then training each animal on a one-mdnute VI schedule.
fifty reinforcements were given during a day's test session.
This training continued until a steady response rate had been
established to the criterior of 10 per cent or loss varia-
bility for a period of five successive dap.

irain~ng of the CER began the day after this criterion
was reached. The existing VI1 schedule was divided into
lO-mitu units and the clicker-shock coibinatiou introduced
during the last three minutes of each unit, so that the
clicker sounded for the full thvcc i tcs and was terminated
by a half-second of shock. DjArin the first ER session a
shock level of 0.2 rmoa. was used. Each succeeding day the
level was raised by 0.2 m.a. until a 1.0 ma. Iel me
reached at the end of five days. This shock level was
maintained tbrou hut the reinder of tha experiment.

he final phase of each study involved administration
of the various drug doses in acordac with the requirements
of the research design, The dose levels for Librim were 0,
8 and 16 m/*kg abd for pentobarbital, 0, 10 und 20 wgjkg.
All doses were admdnistered oraly ty intubation. The
14briun doses ,ere given one hour before the first teat
session and the psntobarbital doses, 20 minutee in advance.

i
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Results. The standard measure for the V13 response was
the raeorresponding during the seven-tinute periods when
no clicker was sounding. The measure of CE was expressed
as a ratio between raten of responding during the clicker
and the non-clicker periods.

1. Stability of baseline grformance. Table 45 con-
tains the means, X, and stndard dviitons, as, of predrug
il response levels for each of the three subjects
participating in the two studies; Table 46 presents analogous
data for the CER. Two features of the information in thetables deserve parti cular attention, One is the wide inter-
individual differences which are clearly apparent in both
the V11 and CM measures. Other experimenters have reported
such interindividual differences in response rates, but have
foudd the rate to be steady during a test session and to be
"relatively consistent during many successive experimental
periods (Sidman, 1962)", The standard deviations, s, in
Tables 45 and 46 indicate that this "relative" consistency
characterized the predrug performance rates of some but not
all of the present subjects: rates were steady during a
test session, but, in some cases, tended to vary from
session to sessions It appears that the criterion for
stable predrug baseline performance should have been a more
stringent one.

The second feature deserving some special attention
from the methodological point of view is illustrated by
animal no. I of the Librium series in Table 46. This
animal's mean predrug CER of 167 indicates that its rate of
responding during the clicker-shock period vas hi her than
it was durinp the period when the clicker was notsonding,
i.e., the opposite of conditioned suppression occurred. This
particular animal went through his life in the present study
in this consistently "euphoric" manners This and other
instances in which it proved difficult to establish a stable
CER appear to indicate that the response, at least during
its acquisition, is sensitive to several major parameters
of the test situation and that an experimenter may have to
be "artful" in finding the hemst values for each parameter
vhen conditioninc, different animals.
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Table 45

V1, Operant fbponu: Predrug m1 hne 1Nrformnm Ionia

A, IMtbri

An~In1a 2 u

1 5.0 0.48

2 21.0 2.32

3 17.7 2,,.:8

B. Pentobarbital

Aiml I a

1 Le5.2 2.07

2 4.? 1.24

3 9.14 2.98



Table 4&6

Conditioned hnotional Repoie Pradiug Dseibrk
Ferfoworm oevels

A, Librirs

1 167 2Z4.82

2 55 14o7

3 36 7.75

B. Pentoberbital

Aidimal 2 a

1 56 14-53

2 4i6 16.58

3 13 8 J43
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2. Dm effects., Oros inspection of the data obtained
&rit* the iruW eries failed to ohme any much clearly
discernible dzug effectsa as had been readi2y perceived with
other formu of behavor. Despite severe limitations Impoed
b7 -.3~y ctricted degrme of fredom# lost# dof. e 2,
available with the proset research deuim~ and sample Asp

doaa The recults of theme analyrses are madimi n
Tables 4~7 and 45, Tiiii were no hiwmifloaft F-ratios In~
either ans.3.ysio therefore, the data wer not examined

Bumaz. Both the VI and CER are b~ehavior patter*~ which
* would appear a priori to be prime candidaties for Inclusion

In a behavioliiining battery, The prevent pilot studios
serve a usesful purposes despite their failure to turn up

*any firm results * Other experiventere have alma reported
poobleme in establishing stable CEt's In rats; much appears
to depend upon spicific details of technique, e.g., Initial
shook Intensityp criterion for stability of MM, etc, IMa
time permitted the conduct of another M~ stady, the <re.
ooftres used In the present ueperiments ould have bae
modified In some detalle and the criterion for a stable pren-
drg bellne would have been made more rigorous.
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Tible 47

' l Operant NOpoiu.

Svwry of Anlysisaof Variane

Soinceof S4' of Than
VAration Squares df. Squre F p

A. Libriiu

Done 12O014.22 2 6,007.11 - l

Subject. 45,706.89 2 22,853.45 2.6 no

Vwks 220~21,55 2 11,110.78 1.3 of

& r17,061.56 2 8,530.78

Total 97,024,f 8

DOMe .1o432.89 2 T16,45 2,02 U
Subjects 80.89 2 14045 - no

W"M 1,536.23 2 768.12 2.17 us

tmrr 709.59 2 3514.78

ihta1 3,759.56 a



Tb 48

Coditieed Eotlonal Respome

Sxiury of Analyuis of Varimoe

So eOf SUmOf Ibsa
Vriation Squares d.f. Square P p

A. ldbrii3

ose 770.89 2 385-V 3.59 na

Subject 1,638.22 2 A19.fl 7.62 7D

Weeks 3,968.22 2 1,984.a1 18.47 na

Error ?4.89 2 107945

Tta. 6,592.22 8

B. Petobarbital

Do" ,730.89 2 2,65.-45 3.82 ,,

Su..ts 4,82.89 2 2,421.45 .1 SO

Weeks 6,500.22 2 3,25b.71 5.2 ne

Error 1,038.27 2 619.11

Total 1?,31?.72 8

i i
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H.. T.ming behavior (M )

An Individual's control over his own behavior is often
based upon his abilty to respond at proper time intervals,
e.g., he must be able to delay his response for a speci'ic
period of tim if he is to perform adequately. Studies of
delayed responses have received particular attention from
comparative psychologists as a meens of investigating experl-
mentally the "higher mental processes (Stone, 1951)." The
assumption is made that delayed responses involve the use of
some representational factor, that temporal delays require
some symbolic process since no immediate environmental-cues
are available upon which to base adequate responses. The
possibility that timing behavior may have a biochemical basis
has been suggested by Hoagland (1934 & 1935): the results
of several experiments involving temperature analysis, via
the Arrhenius equation, of estimations of time durations
"...definitely imply the existence of a unitary chemical
process serving as a basis for the subjective time scale, a
process probably irreversible in nature and perhaps catalyied
in a specific way..e(oagland, 1934)." Evidence has been
premented that changes in time perception of huian subjects
may be induced by drugs (e.g., Steinberg, 1955), Because of
the wide involvement of timing behavior in complex human
activities, the possibility of "incapacitating" such activities
by the use of chemical agents deserves investigation.

The present project included a pilot study of timing
behavior, using rats as subjects. The behavior pattern
involved in the study required the subjects to space their
responses at least 18 seconds apart in order to receive rein-
forcement. Since responses that occurred at a rate less
than one per 18 seconds were not reinforced, the schedule is
referred to as the differential reinforcement of low response
rates abbreviated "DRL" (Ferster and Skinner, 1959; Anger,
1956; Sidman, 1955). The purpose of the pilot saudy was to
obtain information upon which to base the precise conditions
and procedure for a DRL measure which might be included in
the final behavioral test battery.

Research desig. If administration of the drug produced
changtse ite-Mresponse, measures of behavior during drug
test sessions would be expected to differ significantly .'rom
measures during non-drug sessions. The measure of behavior
used was the time between responses or the "interresponse
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time," abbreviated "IRT." The research was designed, first,
to provide means and standard deviations of the distribution
of IRTes for performance under non-drug conditions and,
second, to obtain IRT's following administration of the drug
or placebo, Deviations of the latter which were two standard
deviations or more from the mean of the non-drug distrilution
could then be considered "significant" in term of the usual
statistical conventions,

Test situation. The apparatus used to study DRL
responses was a Scinner-ty e box, 5 5/8 inches wide by 10
inches long by 6 3A inches high. The walls were made of
aluminum and the ceiling of clear plastic; the floor consisted
of fine aluminum tubes. The manipulandum, a bar, was mounted
on one wall and required 10 gram pressure to close the
response circuit. The box was housed in a light and sound
attenuated, ventilated cabinet. All contingencies wereprogramied by automtic elctro-mechanical equipment, Water

was constantly available in both the living cages and the
experimental chamber.

During each test session an animal continued performing
until approximately 100 reinforcements were obtained. Rein-
forcement consisted of a 97 mg. Noyes food pellet. The
reinforcement schedule was so programmed that the subjects
had to space their responses at an IRT of 18 seconds in order
to receive a pellet, Reinforcement was withheld if a response
occurred in less than 18 seconds following the previous
response; there was no penalty for responding at longer IRT's.
Responses during each test session were recorded graphically
on a cumulative recorder.

Subjects. Since this was a pilot study to examine the
DL situation as a candidate for inclusion in a final behavioral
test battery, it was decided to concentrate upon the intensive
observation of only two subjects, but to do this over an
extended period of several months, Two male white rats of
the oltzman Albino Stock served as subjects. They had not
participated in any previous experiments, When not in the
experimental apparatus, each was housed in a separate home
cagr. where water was available ad libitum.

Procedure. The procedure consisted of three basic
phases. Phase 1 involved the establishment of a controlled
feeding schedule. The animals were first deprived of food
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and then brought to and maintained at a 70 per cent of theirf ad libitum bodyr weight.

After the feeding schedule had been established, the
aniimls were trained to displace the response bar for the
food reinforcement. At this point the DEL schedule was
introduced. Training on this schedule continued daily, each
subject being run until 100 reinforcements were obtained.
The only deviation from this procedure occurred on dayt when
drug or placebo doses were administered; these special treat-
ments constituted the third phase of the study.

Both drug and placebo doses were administered orally by
intubation in the manner standard for all studies in the
project. The chemical characteristics of the placebo were
described earlier; the Librium doses were given as fresh
aqueous solutions. In order to explore the period of maximum
influence of the drug as defined by its effects on other
measures of behavior already Cescribed, test sessions began
at 1, 3, or 5 hours fol]owing treatment, as indicated in the
description of results to follow. The drug series were
introduced at irregular intervals, a minimum of 20 days
separating treatments, In a final drug series the 16 mg/kg
dose was given intraperitoneally in order to observe effects
of a second route of administration.

1esults The experimental results consisted of dstri-
butionf-MRs with modal points in the region of 18 seconds.
For convenience, data forming the various distributions were
analyzed in step intervals of three seconds each from zero
time delay to a final interval of 39 seconds and aboves As
will be discussed in more detail below, the distributions
under non-drug conditions approximated the form of the normal
curve. Tests for drug and placebo effects involved evidence
that the distributions under these two conditions differed
significantly from the non-drug or baseline distributions.

I Characteristics of baseline (on._mg) performance.
The advantages of usin-e-ah subject as his own control were
discussed earlier. The comparisons involved require infor-
matlon about the level of non-drug, baseline performance.
Table 49 summarizes the frequency distribution of interresponse
times based upon measures taken during the 25 test sessions
immediately preceding the first drug series. The second
column of the table presents the mean per cent of IRTs
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falling at each step interval during the 25 trials and the

third colum shows the variability of the per cents in terms
of standard deviations* It is clear that the variabilities
are relatively large, indicating that considerable change in
IRMs occurred from day to day: further study of factors
affecting the stability of the predrug baseline would be iu
order before including this measure of behavior in a final
test battery. Examination of the second column shows that
21 per cent of the IRTs occurred below the points 18 seconds,
when reinforcement began* At 18 seconds the frequenc of
IM increased substantially, the modal point for the overall
distribution being at the 21-23 seconds interval, and the
distribution then tailed off rapidly. The mean response
rate during the 25 trials was 2.8 t 0.2 responses per inute.
When plotted the distribution is seen to be very symetrical,
resembling a normal curve except for excessive responses at
the 0-2 seconds interval. The latter feature of the distri-
bution is not unusual for this kind of response; it is
referred to as "bursting" and is commonly found to comprise
as much as 30 per cent of the total responses in the DM
situation, In the present study bursting never exceeded
eight per cent, indicating an unusually high degree of control
over the DRL performance.

Distributions of baseline performance between the various
drug and placebo series are summarized in Table 50. The dis-
tributions are based upon measures of performance from 75
non-drug test sessions, Separate distributions are reported
for each of the two subjects since these were the baseline
data with which perform ce during the drug and placebo
series were compared. The distributions are very similar
to the predrug distribution described above. They are very
symmetrical in shape, with modal points at the 21-23 and
18-20 second intervals for subjects 1 and 2, respectively.
Both show some bunsting at the shortest IRT interval. The
response rates for the two subjects were 2.8 and 2.9 responses
per minute as compared to a response rate of 2.8 for the
predrug test sessions. This close similarity between predrug
and non-drug baseline performance indicates that, despite
the day-to-day variability noted earlier, a basic level of
stability in performance was achieved by the preliminary
training procedure, a level to which performance returned
after drug treatments.
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]AM bmpepos Matibution of IMb

Dolaig Pa'edrog Tust 8hunfma

Intmwwpon5
fTim (seconi) mme Pow (Owt 3

0-2 6.3 2.9

3-5 0.6 0.8

6- 8 0.8 1.2

9-n 1.2 1.3

12-14 3.5 2.1

8.7 3.4

18-20 22.2 611

21-23 25.2 W1

21a-26 16.7 .

27-29 7.2 3s2

30-32 3.4 215

33-35 1.7 1.?

!-e100 1.2

> &39 1.1 1.9

tokeon -te 2eso0u2

1 Sad upo *a tabme &wng 2>0 test * I

2 Awl iea per siadA
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MIS 50

NM fepomne mstibutom of blmxine (n.n-rq) lt'.

Thtolrmpoin 8Subj~ct -1 &w~t~ 2
Tim (So.) Nm Pr Cat s Yamn Per Cat S

0-2 b.4 2.2 68 2,5

3-5 0.5 0.9 O5 0.6

6- 8 0.6 0.8 0.7 0.8

9-n 2.0 2.1 1.9 lit

12-14 6.0 2.9 5.6 2.7

15-17 12.9 3.9 13.5 4.3

18-20 205 7.2 28,5 7.6

21-23 21.5 5J 23.5 a

24-2 6  14.8 J.1 10.7 5.3

.7-29 0.3 4.2 i.7 2.9

3D-32 4.t 3.A 1.7 1.7

33-35 2,3 2.i 0.8 1.0

36-38 1.0 1.2 0.4 o.d

39 * 0.9 13- 0.5 o.8

Rowpon" nt, 42 .8 .3 2.9 0.la

1 ed .upon ure Won durin 75 ,on-dV te mwelons.

2 lipo~Mo. p minut,,
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2. Placebo effect. The research was designed to provide
information aBt -any effect which might have resulted from
the intubation procedure itself regardless of the chemical

agent administered. Distributions of IM following placebo
administration are sunuarized in Table 51. Measures were
taken of performance during test sessions which began one,
three and five hours after administration of placebo doses.
All four distributions in Table 51 are very similar to the
corresponding distributions for baseline performance ai
smwrized in Table 50. In fact, all values for subject 1
fall within . two standard deviations of the corresponding
values for non-drug baseline performance. For subject 2
three values show significant changes during the cne hour
test session, while only one value just reaches the criterion
for significance at the three hour session. Where signifi-
oant effects do appear, they are in the direction of higher
per cents of longer IRTs and are most pronounced at the 27-
29 seconds interval. Administration of the placebo produced
no significant changes in response rates.

3 Dru ffects. Very consistent effects on performance
were founda2Ing oral aeadhistration of Librium in doses
of 16 mg/kg. Mamination of Table 52, which sumarizes data
from both subjects for test sessions one and three hours
after drug administration, shows three main features of the
effects: first, they appear as increases in per cents of
longer IRTs; second, the effects are pronounced during the
three-hour test sessions and almost completely absent during
the one-hour sessions; third, the response rates, which
constitute the most frequently used measure of operant
behavior, show a tendency to decrease, the value for subject
1 at three hours after drug administration being significantly
lower than its corresponding baseline value.

Similar results were obtained when intraperitoneal
injection was used as the route of administration, the Librium
dose remaining at 16 mg/kg. Table 53 shows the distributions
of IRTs for test sessions begun 15 and 30 minutes after
injection. Again the predominant feature of the distributions
is a shift toward higher per cents of longer IMs, although,
in contrast with effects following oral administration,
increases also appeared at IRT intervals in the region of
three to eight seconds. In both instances response rats
decreased significantly. The most 3triking differences
between the data in Tables 53 and 52 appear in terms of the
much shorter latency in the production of significant effects
following intraperitoneal than following oral administration
of the drug.
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UML Reeponms: Placebo ffects

For Cent of hieponase
Intereponae Subject 1 Subject 2

0- 2 4.7 3.7 1.8 7.

3- 5 0.0 0.0 0.0 0.0

6- 6 0.0 0.0 0.0 0.8

9-13 3.4 1,2 0.0 0.0

12-14 4 7,A 2.7 2.4

15-17 12.2 8.7 7.1 8.7

1m-20 214.3 26.5 19.it 23*0

21-23 23.6 26.1 26.5 22.2

24-26 12.2 '10,6 15-9 i812

27-29 9.4 11.2 16.8. 8.7

30-32 ?.7 3.7 3.5 14.8

33-35 1.4 0.0 4.4* 1.6

36-38 0.7 o.6 1.8. 1.6*

39 + 0.0 0.0 0.0 0.8

hepotue Pate 2,8 2.8 2.15 2,7

Non~i than + 2 uttarzd deviations o the baseline owes
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Table 52

MM~ ePmae Druig ttecttul (Orml Adiratica)

For Cent of ha0ponies

IfltWerponso Subject 1 Subject 2

0- 2 4.7 1.7 4i.2 4.8

3- 5 0.8 060 0.0 0.0

6- 8 0.8 1.7 000 0.7

9-f 3.1 0.0 3.5 2.?

15-17 9.3 7.7 13.3 103

21-23 16.3 9-4** 20.3 UAW4

30-32 11.6 11.1 0*7 13.7*

3-52.3 8.6. 0.7 3JA

36-38 a. 7*70 0.7 21

39*+ 0.8 8.6. 0.0 o

wslm t.*2  2.5 2.10* 2.9 2.5

Doss. 16 "gk bok weightt

* Moe thmn *2 standard .divat4oan from ths beselie raw.

Ylon then -2 standard deviation from the basolUw mmea.

i f per wv ns
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MM hapoptas? r.u ZM Efoot (IP AfWtiistation)
Pbr (lnt of Responses

Intsr"pn. I PO~s t 1 Subject 2

0-2 6.7 3.1

3- 5 2.5* 6.2*

6-. 8 0.0 1*

9-n1 0.8 1.0

12-14 2.7 1.0

15-17 S5.0".h..

1".2 3*34* 6.2..

21-23 1.5.04.*

24~-26 18.*3 6.2

27-29 11.7 8.2

30-~32 11.7 9.3*

33-35 5.8 8.2.

36-38 902* 5.2.

39 4 8.).* 31.1"

fpmee ?At*? ? 2"'.*

Y Nr. then 2 standoWd aviations from the &**U..s w a,

Wro than- 2 ~atea dvi swions fti the baselin mon.

2 Nomer vsw aiwte
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SThis pilot experiment was planned as a pre-
liminar7 study of timing behavior, a form of behavior which
is important in many types of repetitive or sequential tasks
where adequate performance depends upon responding at proper
time intervals 1. The behavior pattern involved in the present
stud7 required the subjects to space their responses at least
18 seconds apart in order to receive reinforcement. Inten-
sive observations were made of the behavior of two subjects
over an extended period of several months, The chemical
agent used was Librium, administered both orally and intra-
peritoneally. Rats served as subjects. The results are
sumsrized below.

I. The results confirmed those obtained by other
experimenters who have studied this kind of timing behavior:
it is a difficult performance pattern for the rat to learn.
Howevery as the experimental data show, sufficiently stable
performance was established to reflect sensitivity to drug
effects. The measure of behavior, i.e., time between res-
ponses or IRT, provided distributions of responses during
each test session. Such distributions were obtained during
test sessions under the following conditioner predrug base-
line performance, non-drug baseline perfcrmat ce between drug
and placebo series, performance following placebo adminis-
tration, and performance following oral and intraperitoneal
administration of Librium at a dose level of 16 mg/kg.

2. The measures of baseline performance under both
predrug and non-drug conditions were very symmetrically
distributed around modal points between 18 and 23 seconds
interresponse time. An obvious deviation from the normal
curve appeared at the shortest step interval, 0-2 seconds,
where excessive numbers of responses occurred. However,
this feature of DEL behavior, known as "bursting!', appeared
les frequehtly than usually reported by other experimenters,
indicating that the present procedares had resulted in an
unusually high degree of control over the MLT. performance.
Predrug baseline levels of performance were re-established
following administrations of drug or placebo, both the
distributions and response rates for trials between drug
and placebo series being very similar to those obtained
during predrug tests.

3. Response rate, the most frequently used measure of
operant behavior, was not affected by admirdstraticn of the
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Placebo. It was, however, sensitive to the drug as evidenced
by decreases in responses per minute following both oral and
intraperitoneal administration.

4. Examination of IRT distributions shows that the
decreases in response rates following drug administration
were associated with shifts in the distributions toward
larger per cents of longer IRTs. Subject 2 did show a
placebo effect in this same direction, but the effect was
much less pronounced than that produced by the drug. The
general picture was one in which the effects of the drug
favored interresponse times of the kind being reinforced,
i.e., those 18 seconds or longer.

5. The time-response characteristics of the drug
effects had one feature of particular interest. Peak effect
times for other behavior patterns described earlier in this
report were reached within one hour aft a oral administration
of Librium at the doaeel used in the present pilot study.
In contrast, the DRL response showed no pronouneed effects
until some time after one hour. This contrast illustrates
a second way in v F drus may produce differential effects
on different behavior patterns, i.e., differences in time-
response char. acteristics. The first was demonstrated in
experiments described earlier, appearing as differences
in dose-response characteristics.

As would be expected, the intraperitoneal route of
administration cut this peak time considerably, significant
effects appearing after 15 minutes and becoming very pronounced
after 30 ;inutes.

6. The results of the present pilot study would
encourag furth: --.-.. f ". " response as a candi-
date for inclusion in a final behavioral test battery.
Changes in training procedure aimed at decreasing day-to-day
variability in IRTs deserve attention; further data on dose-
response and time-response relations should be obtained; and
comparisons should be made between effects of several chemical
agents in order to determine whether this behavior pattern
is differentially sensitive to agents with different
chemomorphologies.



142. LIBRIUM PER ml PLASMA

Pt# RMIC 04 * U



.130

1. Straightawa apvroach response to differential r'infon-s-
ment (SAR-P

In the continual process of adjusting to their environ-
ments livinR orranisme are often exposed to situations in
which they are prevented from or delayed in reaching their
goals by contingencies beyond their own control. Under such
circumstances behavior may become disorganized and "displace-
ment activities" appear. In both instances the effectL are
"incapacitating", A very extensive literature has daveloped
around experimental studies of "frustration" and "conflict"
in both hnman and Infrahuman animals since Pavlov's first
research on "experimental neurosis" (see Russell, 1950 and
1953).

The pilot study described briefly in this section of the
present report was a first step toward devising a standardized
situation in which the effects on behavior of exposure to
short periob of "frustration" in which reward was delayed by
decreasing the ratio of reinforcement could be compared with
the control performance of the same subject during the same
experimental session. The general procedure made use of two
schedules of reinforcement. In one, each trial ended with
reward; in the other, a trial might or might not end with
reward. The same operant response, the straightaway approach
response described in section IV E above, was used with both
schedules. The only differential environmental cues were
the visual stimulus patterns of the two alleys in which
responses under the two schedules were made.

Research design. As indicated above, each animal per-
formed under bo-reinforement schedules during each experi-
mental session. As a means of controlling for possible
effects of the two different alleys used, n - 16 subiects
were assirned at random to k - 2 groups. Animals in one
group received 100per cent reinforcement at the completion
of each trial in one alley and 50 per cent reinforcement in
the other; the relations between alleys and reinforcement
schedules were reversed for the other group. Effects of
Librium on performance under the two schedules of reinforce-
ment were studied after baseline performance levels had been
established.

Subjects. Sixteen male white rats of the Holtzman
Albino stock served as subjects. They had not participated
in any previous experiments. When not in the experimental
apparatus each was housed in a separate home cage, where
food was available ad libitum.
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j Test situation. The apparatus consisted of an enclosed
double aightaway, one alley of which was painted black
and the other, black with white stripes. Each was composed
of a starting box, a straightaway segment, and a goal box.
A subject's movements through the apparatus could be monitored
by three photoelectric cells: one at the exit of the starting
box, the second at the opposite end of the straightaway seg-
ment and the third inside the goal box one inch in front of
the water incentive. In the present study the straightaway
approach response, SAR-D, was measured in terms of the time
between a subject's exit from the starting box and his
entrance into the goal box. Interruption of the first photo-
cell beam tripped a timer, which was stopped when the subject
passed through the second photocell beam. The measure of
performance was time taken to traverse the straightaway
segment; this measure was transformed to log units in analyzing
the results of the study.

Procedure. The procedure consisted of three major
phases.

Dring phase 1 a standard 23-hour water deprivation
schedule was established.

During phase 2 all animals were given 19 daily blocks
of eight trials, foar in each alley of the apparatus. Each
trial betan by placing the animal in one of the starting
boxes and the starting-box gate raised. The animal left the
box and interrupted the first photocell beam thus activating
the timer and the gate was lowered behind Um. The goal-box
gate was lowered once the animal had entered that box and
had interrupted the photocell beam stopping the timer. On
rewardad trials t - an' al as allo-wed to d-ink or fi
seconds; on ncn-rewarded trials, he was detained in the goal
box for the same period of time. The order in which trials
were run in the two alleys was razidomized, with the restric-
tion that, during each daily session, four trials had to be
in the 50 per cent and four in the 100 per cent rewarded
alleys * The I ntertri al interval was three minutes. The
incentive consisted of 20 per cent, by volume, sugar solution.

Phase 3 the drug phase, began after completion of the
Acquinitton trilp , h animl@ were lmthro eaod lhnal
daily blocks of trials using the same procedure as in phase
2. Before the firet of these seFielons the subject3 wre
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divided into four groups of equal size, a control and three
drug groups. Drug doses were administered by intubation one
hour before the first of the three daily sessions; the
second and third sessions were run 24 and 48 hours after
administration. Th- control group received the standard
placebo for Librium as described earlier in this report; the
three drug groups received 4, 8 and 16 mg/kg of Librium,
respectively,

Results. Table 54 sutmrizes the mean time scores for
all anmas'during the acquisition trials of phase 2; times
are given in log units, Table 55 gives the time scores for
daily blocks of trials duriLg the drug phase of the study.
For present purposes the results mq best be presented under
three major headings.

1. Trends during ac u-sition trials. Examination of
Table 54 shows t perfoirme at te st, of the SAR-D
trials was at almost identically the same level under both
reinforcement conditions. From day 2 to dAy 5 speed of
running was faster during 100 per cent than during 50 per
cent reinforced trials, a t-test showing the difference to
be significant at the p <.05 level. There f6llowed three
days during which the difference disappeared. As trials
continued a significant difference again developed, p <O1,
but in the opposita direction to that of days 2-5, i.e.,
from day 9 to 13, the animals ran faster under conditions of
50 per cent reinforcement. Although this oscillation decreased
greatly in magnitude beginning with day 14, differences between
measures of performance under the two conditions of reinforce-
ment becoming very small, it did continue to be evidenced
throughout the remainder of phase 2 and also in the behavior
of the control group in phase 3.

2. Displacement activity. During the period when the
oscillation of peformance betwecn ,he two conditions of
reinforcement showed ts greatest pagnitude, interesting
displacement activities appeared. These were most obvious
during days 9 to 13 under conditions of 50 per cent rein-
fa'mcent and were evidenced as marked increases in defecation,
urination, squeaking and rapid circling movements. Some of
the animals chewed at the apparetus and attempted to bite
the experimenter while being handled during intertrial periods.
These activities were not noticeable during trials before or
after this five-day period.
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Tablo 5

Straightaway Approachb Impetus to Difrerwtlal Rsinorosesnt:
?In Soon DurIng Acquiitia

1 -0.59 .0,60
2 -0.% 0.23

-0.21 -0.18

6 4ox2 40.21
10 40.26 40.16
91 40.22 40.11

13 40.322 40.21
n 0.22 40.12

15 40.21 40.19
1 4 +0.15 40 is

is +0.22012
19 +0,23 40.23

".gt trials, fovr vmr ec.reinfortumwt oete
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Table 55

Mzsraghtavy Approach %haponse to Differentia Reinforosaett
Tims Soors. Duing DMu Trials

Dully~a150% Rdforommwt 100% isidiforcomwt

Ootrol 1,; 8 16 uotol h2

20 40,23 40.17 43.32* -0m* 40-25 40.19 40.1h* 0.00*

21 40,24i 40.21 40.18 40.06* 40.22 40.22 40.16 0.0C6.

22 40).24 +0.22 +0.20 40.12 40.23 40.23 40.19 40.13

1 flgbt trials, four under etch reinforouent saheddzee

*Significant a p, *05O or better when ompared with the oontrol grop.
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Displacement activities of these kinds have often been
reported in studies of behavior under "stress": for example,
increases in defecation and urination in a mildly stressful
situation have served as measures of "emotionality" in selec-

tive breeding experiments (e.g., Hall, 191)j attacks upon
the apparatus and upon the experimenter have appeared under
conditions of conflict between avoidance response (e.g.,
Khary et al, 1957). Stresses of these kinds may also
produce oscillation of responding (iller, 1944) similar to
that reported in the proceeding paragraph. Analogies between
such characteristic reactions to external changes as evidenced
in self-regulating physical, biological and behavioral systems
have been pointed out in terms of homeestatic nr negative-
feedback models (Rao and Russell, 1960). The reactions occur
very generally in all species of animals studied, including
man.

3. Dru effects. Effects of Librium were clearly
apparent one hour ater administration. Table 5 shows that
ths rank order of decrements in performance on day 20, under
both conditions of reinforcement, correspond exactly to the
rank order of drug doses, i.e., the greater the dose, the
greater the decrement. Differences between each of the
groups receiving doses of 8 and 16 mg/kg and the control
group were signIficant at p ".05 and p <.001, respectively,
as determined by t-tests. These differences gradually dis-
appeared until on day 24, 48 hours after drug administration,
none was statistically significant. These results corroborate
those reported earlier in section IV E of the present report,
when the straightawey approach response involved only one
schedule of reinforcement.

Sum . The results of this pilot study indicate that
signs of reactions to stress may be produced in a standardized
situation involving a single form of operant response, a
straightaway approach response, generated under conditions
of differential reinforcement. The signs consisted of marked
increases in defecation, urination, squealing, rapid circling
movements, and attacks on the apparatus and the experimenter.
They were accompanied by oscillation in the SAR-D operant
response which took the form of faster responding first to
100 per cent reinforcement, and then to 50 per cent rein-
forcement; the magnitude of this oscillation decreased as the
number of trials increased. The time limitations of the btudy
did not make possible investigation of effects of drugs upon
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those reactions, Further rsaearch would be nfeeaay to
deirr dne whetoer the reaetine could be erhaneed or pro-
loeid by chemical ageats, thus pr- Acing sre hl~rA tiant
Iccepsitatioe of behavior.

The effect el Ibrium an t i' SAW- after a el t vei
stable baselie bad bm attained and oeeallsaioa . ,, zed
corroborated doeo-?eptnot, and tim-respomne ralatio.n
obWz~d in studies of th4 SAR under conditioM ), a single
renforcemnt schble.



137j. Conditioned avoidance response (CAR) using monkeys as
subjeoi,.

One of the objectives of the present project was to
extend the study of behavior measures and of research designs
to more than. ons species of animal subjects. Monkeys were
chosen as a second species because of their pfletic position
closer to man than the rat,. This section of the report des-
cribes the first experiment using monkeys; because of tim.
limitations it was not possible to pursue as full-fledged
experiments other pilot studies begun with this species of
subjects.

During the past several years the conditioned avoidance
- response, CAR, has become one of the most widely used behavior
patterns in research on drug-behavior interactions. A number
of specific techniques have been developed for the "standard"
measurement of the OAR, including "pole-climbing", "shuttle
box", "wheel-turning" and various other operant conditioning
procedures. In fact the general features of these techniques
were described by Warner (1932) as early as 1952 in some of
the first studies reporting conditioning in rats, Conditioned
avoidance responses appear very frequently in the normal
response repetoires of all animals, including man. The
possibility of temporarily disrupting such responses deserves
investigation in ay systematic study of incapacitating
chemical aRents. The present study was undertaken as a
first step toward standardizinp a procedure for generating
and measuring CARs which could be included in a test battery
for screenina chemical agents for their potential incapacita-
ting properties.

Research desig. The research design involved three
experiFme talre-i nts drug doses, which constituted the
independent variable. Each animal was studied under all
three conditions, the order of treatments being assigned
randomly to Individual subjects. Librium was the drug used;
the three dose levels werei 30 mg/kg body weight adminis-
tered orally; 2 mrFlg and 10 mg/kg given intraperitoneally.
Three measures of behavior constituted the dependent variables:
response rate, response-shock rate, and shock-shock rate.
In order to obtain information about time-response relations,
test sessions were scheduled at regular intervals following
administration of the drug.
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Test situation. The rcquirement of the test situation
was t M -eiU W placed under experimental control in
order that it could be investigated as a function of drug
administration. The respo;-e selected vas a key-press which
would delay the onset of an electric shock for 30 seconds.
The nature of the reinforcement received was response-
eontin nts by pressing a key within 30 seconds, the shock
could be avoided; failwe to respond adequately in this time
dimension reralted in punishment, which continued at fite-
second intervals until a response was made.

The test environment consisted of a cage 18 by 24 by28 inches In its three dimensions. This allowed a subject
sufficient space in which to move about, but still made it
possible to control experimentally irrelevant variables.
The cage was placed in a chamber where such variables as
Illumination and ambient noise were controlled; both were
in an experimental room with thermostatic control nf temperature.

A bakelite panel at one end of the cage contained two
transilluminated keys 1.5 inches in diameter and an opening
into a recessed food cup. level extensions protruded 0.5
inches into the cage from the bottom of each key and extended
3.0 inches down the panel, The floor of the cage consisted
of metal rods throuth which could be passed a controlled
electric current of two milliamperes from a shock generator
connected throuph a standard shock scrambler. The experi-
mentsl procedure was programed automatically to provide a
30 second interval between a response and the onset of the
next shock; a response on either key delayed the next shock
for this interval. When not successfully avoided, the shock
was adrinistered at five second intervals.

Responses were recorded on a cumulative work recorder,
which kept graphic records of the number of successful avoid-
ance respcnses, the number of shocks received and the number
of responses to the right-hand key.. These data provided the
bases for determining three parameters of the response:
response rate, successful avoidances per minute; response-
shouk rate, ,insuccessful avoidances per minute; and, shock-
shock rate, failures per minute to respond during the inter-
shock Interval resulting in two successive shocks.
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e Six squirrel monkeys, Saimdri sciurea, served
as subjecs Three were males and three, remaTes7.A were
purchased from suppliers who obtained them directly from
their native habitats. Their ages were unknown, but all
appeared to be relatively young animals. None had participated
in ai7 previous research studies. They were housed in
separate cages during the experimental period and were fed
daily on standard laboratory chow supplemented every other
day with 20 grams of a vitamin-protein supplement. Water was
available ad libitum in their home cages.

Procedure. Wuring the first phase of the study the
animals were introduced to the test situation and trained,
by the method of successive approxdmationst to make the avoid-
ance response. Shaping of the response continued for six
weeks on a schedule ln which test sessions four hours in
duration were given at 48-hour intervals.

The first Librium series began 48 hours after completion
of the prellminary training. The drug was administered at
the start of the first test session of the series, which
consisted of eight four-hour sessions at 48-hour intervals.
The three dr'R series were conducted successively in accord-
ance with this schedule, the period between administrations
of the drug thus being 16 days. The order of doses adminis-
tered was randomized for each individual subject.

Restlts. The results are summarized in Tables 56, 57,
and 5 table gives the mean rates for the last two
test sessions before administration of the drug and for
four sessions after administration, by which time performance
had returned to predrug baseline levels, The drug was
administered immediately prior to the test sessior numbered
"3" in the tables, Because of the pilot nature of the
experiment, extensive statistical analyses of the resl-ts
were not warranted. The statemerts which follct; indicate
some of the features of the present CAR procedure tD be
considered in standardizing it for inclusion in a behavioral
screening battery.
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Oinomnad AIdwo , kpoaws, aepowo Sitse
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3.23- 3.73- M40i
1 6,8 9.9.3 6.49 805 6,.& 10.21

2 2.82- 3.77- 4.11-
7.86 11.90 6A4l 9.25 6.67 10.48

3 2.17- 2 17- 34 43-
3.26 4.36 3.8o0 5.4 6J3 8.i3
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10Jo 17.10 10.65 17.99 6,,6 9.O5

5 3.73- 3900- 4.=o-
7.16 20.60 6.6 10,15 7. 9.74i

6 4 6 1JO- 4.00-
6.09 6.72 7.72 6.00 151.
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Conditioned Avoidvance spowces Rhepots.-Ubock ht.1

Test 3010 2
Session (oraul) (I?) (IP)

ranuge I Rapg B MWg

1 Omr- OA0- 0.00-
0.06 0.09 0.09 Os09 0.07 0.13

2 0.02- 0.05- 0.02-
0.08 0.1 0.09 042 0.07 0o18

3 0.76- 0.39- 0.07-
1.06 13J7 0.82 1.35 0.1Q 0.13

40.02-. 0.03- 0.00-
0.07 0.09 0.06 0.32 0.05 0.10

5 0.02. 040- 0.03-
0.0? 0.10 0.07 0.10 0.07 0615

6 0.05- 0.0s_ 0.00.
0.08 0.10 0.06 0.09 0.0 0.20

1 In em nv~er of responae-stock comoutatiua por idnte.

2 Aniutered at start of sesoa 3.
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Onditioned Avoidance Rapome3 Shock-Soeok Rate1

Doe. (,/k)2

30 10 2
Session (ova) () (IF)

I Ran"e I ROng. 7 ag

1 :',. 0.00- 0.00- 0.00-
0.01 0.01 0.02 0.02 0.01 0.01

0.00- o.0O-
0.03 0.033 0,02 0.04 0.01 o.0r

3 1.17- 0.23- 0.00-
1. 3 1.29 0,5 0.85 o.00 0.02

0.01- oAo-
0.02 0.02 0.01 0.12 0.00 0.003

0.00- 0.00-
0.01 0.02 0.00 0.06 0.00 0.003

6 0.00-
0.02 0, 3  0.02 0.03 0.00 0.00)

I ra e nmber of abck-Sblok omnation per iduate.

2 Administered at start of selon 3.

3 A measures of the son mxtudb.
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1 . e baseline prformane. The predrug training
procedure edto very stable baselines of performance for
each individual subject. There were inter-individual differ-
ences in the levels of performance, as indicated by the
ranges for test sessions 1 and 2 in the three tables. As
with other behavior measures discussed earlier in the present
report, establishment of a stable predrug baseline for each
subject is important If each Animal is to be used as its own
control.

2. Dr effects. lmmediate effects of the drug appeared
in all three measures of performance within the four-hour test
peLA~d which followed drug administration. The rate of the
CAR daring this first pst-drug test session decreased markedly;
response-shok and shock-shock rates increased. This indica-
ted a shift from the well-established avoidance behavior to
escape behavior, which had been almost eliminated in the pre-
drug training period. The typical sequence of behavioral

changes following administration of the. two larger drug doses
was: development of severe motor incoordination, reaching
its peak in about 30 minutes; gradual return of coordination
accompanied by predominance of escape behavior in which the
key-press response was elicited by the shock rather than pre-
ceeding it; and final re-establishment of the avoidance
behavior as the end of the four-hour test session approached.
During the period of rotor incoordination it was noted that
the animals reacted to the shock by a kind of "freezing"
behavior, indicating that the shock was still producing an
effect even thoumh not eliciting the key-press response.

Although, as was pointed out a-o.ier, the pilot nature
of the study does not warrant exten-.ve statistical treatment,
some idea of the sinificance of the drug effects may be
gained from an examination of individual records of performance
during a predrug and a drug session. For example, during
the last kobruhour predrug test eession, Monkey No. 1 made a
total of 800 avoidance responses. ividing the session into
24 10-.minute serments makes it possible to examine the .-aria-
bilit of performance during the four hours: the mean for
the 24 segments was 33.33 with a standard deviation of 4.80;
This mean rate of 3.33 avoidance responses per minute falls
toward the low end of the range of response rates for this
last predrug test session, as shown in Table 56. During the
four-hour session immediately following administration of
10 mg/kg of Librium, Monkey No. I mae a total of 521 responses;



the mean for the 24 l0-dnute segments was 21.71 with a
standard deviation of 5.75. Eamination of the 24 time
segments shows that the significance of the reduction in
response rate during the drug period needs no statistical
teat in an 24 instances the number of responses under drug
was less t the number under predrug conditions. An F-test
using unbiased estimates of population variance derived from
the variances of the 24 time segments indicates that the
intraindividual variability was not significantly altered by
the drug. Similar analyses of the number of shocks, i.e.,
combined response-shock and shock-%shock conditions, received

by this subject during the same two test sessions support the
general description of drug effects given above: during the
last predrug session Monkey No. 1 received a total of 39
shocks at a rate of 0.16 per minute; under drug the total
increased to 514 and the rate to 2.14 per minute. In all 24
time se'ments the number of shocks received under drug was
greater than the number received under predrug conditions.
Here there was a significant change, L.e, increase, in
intraindividual variability, the F-ratio using unbiased
estimates of population variance giving a p < .005. Had a
standardized CAR procedure suitable for regular use with
squirrel monkeys been already established, the data from-allsubjects would have been obtained under identical conditions
and, therefore, could have been combned for a final statis-

tical analysis. The present pilot study has provided a
procedure which can be used in a standardized way for future
studies.

Ope particularly apparent effect was the enhancement of
the CAR response rate during the test period 48 hours after
drug administration, The basis for this "rebound effect" did
not appear .o lie directly in the drug effects. In the
present test st-atuon it was possible to produce the effect
by delaying the first postdrug test session for 72 to 96
hours or by physically restraining the animal from making the
key-press response in the non-drugged statse i.e., by shortening
its leash to the extent that it could not reach the keys, It
may be that the rebound effect follows a period during which
the CAR is restricted from occurring; in the present study
administration of the drug may be viewed as having resulted
in such "restriction" in the sense that it !%as followed by a
period of motor incoordination during which the key-press
response did not occur.



3. Dose-response relations. Relations between doselevels or drug 1 c ges in performance are shown in

Tables 56, 57, and 58. The drug dose specified was admins-
tered at the beginning of test session 3. For all three
measures the magnitudes of changes after administration
follow the same rank order: 2 g/kg P, 1O mg/kg IP, and
30 mg/kg oral. Little, if any, drug effect was apparent in
performance during the 2 mg/kg IP series. During the other
two series all. subjects showed depressions of response xate
and increases of response-shock and shock-shock rates. The
fact that the order of the drug elfects was the same for 02
measures of performance and that all subjects showed the
effects is evidence that the dose-response relations were
systemati, and significant.

4* Time-rs~ne iiletions. Drug effects on the three
measures ' bavlor dsappeared within 48 hours after adtin-
istration, i.e., by then performanes had returned to predrug
baseline levels , This duration of effects was in the same
O-.... as A- - ....m of for Librium reported earlier
for other measures of behavior studied in the present project.

The rebound effect observed in measures of CAR response
rate appeared only during the test session which began 48 hours
after drug administration. It had disappeared by the
beginning of the next test session, i.e., 72 hours after
administration. It should be emphasized again, however,
that the effoct itself may be only indirectly related to the
presence of the drug.

5. Variabilit of performance. The interindividual
variablity of performance during each of the test sessions
reported here is described in terms of ranges of performance
measures and is given in Tables 56, 57, and 58. Following
administration of the drug, the range decreased for the
response-rate measure and increas3d for the other two measures.

Summary. The pilot study of the conditioned avoidance
response, R, was conducted as a.means of standardizing a
procedure for inclusion in a behavioral test battery using
the squirrel monkey as a subject for screening potential
incapacitating agents. The results showed that stable base-
lines of performance could be established and that these
baselines were differentially sensitive to different dose
levels of the eperimental drug, Librium. The effects, when
present, had time-response characteristics similar in nature
to those of effects produced by Librium in other measures of
behavior.
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K. Other pilot studies

Other pilot studies were begun, but did not Progress
sufficiently in the time available to provide other than very
preliminar7 data. These studies will be described only
briefly in the following paragraphs.

I. Oener,3l activity. The behavior of living organism
includes the presence of a considerable amount of movement
and general activity which is not immediately understandable
In tem n' .1f4r, . nwr ..!.vm. tnRn. enritie_
Numerous studies have been made of the extent of this general
activity, of conditions within end external to an organism
which may affect it, and of its possible relations to genetic
factors and to specific pbysiological drives, e.g., hunger,
thirst, sex* The studies have shown that general activity
is markedly affected by administration of certain chemical
agents and that it may be affected when other behavior
patterns are not significantly altered. In so far as general
activity reflects an organism's level of activation (Duffy,
1962) it may serve as a useful measure in screening for the
effects of incapacitating agents.

The measurement of general activity presents some tech-
nical problems which, after study, led us to develop a new
apparatus for more consistent and stable recording. Our
first models were developed for measuring general activity
of the white rat. The cage housing the animal was placed in
a sound-deadened box. It was suspended by a heavy bar over
a fulcrum. The transducing element, a piezo-electric device
called a "Bimorph (Brush Electronics, Inc.), was fixed to
the bar at the stress point over the fulcrum. Movements of
the animal within the cage caused the bar to flex slightLy,
which, in turn, flexed the Bimorph whose output was a small
voltage spike proportional to the degree of f~exion. The
flexion required was so small as to produce no dctectable
movement in the cage. The spikes of voltage generated were
amplified and a three-channel print-out counter registered
the number of spikes which met three separate voltage level
criteria, representing "high", "mediur" and "low" levels of
activity. Because of the sensitivity of the apparatus, the
three levels could be adjusted so that ranges of activity
from sniffing to violent jumping could be monitored and
recorded in their appropriate categories. By making food
and water constantly available in the cage, recordings could
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be made over extended periods of time without disturbing the
animal. Measures of activity could be printed out automati-
cally at any predetermined interval, e.g., minute-to-minutechanges, cumulative hourly measures, etc&

Trial runs were carried out under normal control condi-
tions and following administration by intubation of Librium
at doses of 16 and 32 mg/kg bod weight. The results showed
a trend for activity to decrease initially following ae.inis-
tration, the decrease being greater the greater the dosage,
and for recovery to occur as epeeted. The trials also

-valed acw* inadquacies of the apparatus, cenftiring around
the transducing elements and the required method of mounting
them; there were no problems in handling the voltage spikes
once they were produced nor in automatically recording them
in appropriate categories. The inadequacies were due to
mechanically produced resonances in the system, uncontrollable
changes in leverage forces on the transducing element, and
the lack of means for relating activity records to actual
physical forces involved in their production. The next step
in developing the apparatus should involve the testing of
more direct!- activated transducing systems. One possibility
under consideration Involves transducers of the pressure
activated type, which permit the direct mounting of the
activity cage on the transducer itself. This would permit
more direct measurement of forces involved in the animalts
movements, The transducers would also lend themselves more
readily to calibration that would relate the recorded data
to the actual physical forces involved in various kinds of
activity.

When adequately developed, this concept of recording
general activity should provide a standard means of measuring
this form of behavior in a wide range of animal species,
including man, and of analyzing the behavior into a variety
of components describable in terms of changes in actual
physical forces involved.

2. Spontaneous alternation. Since forms of apparently
unlearned behavior may be affected by adrinistration of
chemical agents, some preliminary trials were run of the
effects of Librium on "spontaneous alternation", This form
of behavior received considerable attention a number of years
ago (e.g., Dennis, 1939) and has enjoyed a recent revival of
interest in tests of statistical models of behavior.
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The teat situation employed was a I-save. EAch trial
began with the placement of the animal In the base section
of the Y and ended when he reached the end of one of the two
alleys beyond the choice point. Two trih.lc were run each
day, with a maximum allowable ti~me of one minute for each
triae Food was available in each alley. All animals were
pretraiied to eat in the mame; they were given food and water
ad libitum for one hair after their daily trials and the-i
Uepri vedof both for 23 hours before the next day's runs.

Alternation behavior was measured every 24~ hours in two-
trial msejusoes. Aa &hnimal was all-mod to eat for 15 seconds
at the end of each trial. Following trial I he was returned
to his hope caos an'd one rd nute later placed In the 'mas for
his seeond trial of the day. Under these condlitions alterna-
tion behavior &tab ill aed at 85-50 per cent alternatior during
ii.he firat week and did not charge Aignificantly during the
romsinins two weeks of predrug toosting. Intraperitoneal
injections of placebo produced no offects upon alternation
behavior vhen injected anivwls were com.pared with normal
control an5mU Til ermination of the projeat prmwnted imple-
mentation of a Latin Square design for stutying dose and time
response relatiors and rarry-over effects.

3. Conditioned emotional respona, (CER) uing monkeys
as mubjects * In implementing the plans of the projeot to
atud(, snore than one species of infrahuman animals, weork man
begun on the design Of 1uipMent and procedures for estab-
lishing C~b (Hunt, 1959) ualrg squirrel monkeys, Saimiri
sciur*&a, as subjects. The test situation coniste77rai
ventied "Skinner" box, I ft. x 1 ft. x 1 ft. in Interior
dimensions, constr'ucted of aluad mum double walls saparsted
by I In. of fiberglass. On one panel were mounted tuo houtse
lights, a sIpral light, a minipulandum bar, and a reinforce-
mont delivery tube. kt reinforcement reservoir and &Irivvr7
system, & spieaker, and a relay to provvldo auditory fedback
for bar p'jsuses were attachied to the back of this panel.
fth floor of the box eonsisted of quar-ter Inch aluminum rods
spaced on one inch centers throuigh which electric shock
evuld be delAvered to thet dUbjOt. The behavioral oontn-
genclee were programmed by automatic eleotromechanical
devices,, All apparatus producing auditory stiull. were
tvulated in another rmom.
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Six monkeys served as subjects during preliminary work
to establish satisfactory procedures for generating the CER
in this species of subjects. Attention was directed toward
study of various key parameters affecting establishment of
stable bar-pressing and suppression responses, including
nature of reward reinforcers, VI schedules, and duration,
frequency and scheduling of the CS and shock reinforcement
for mxmimizing the suppression effect. Investigating such
parameters, important in standardizing a final procedura, is
time-ooneuming and was not completed during the period of
the project.
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V. 1MATTONS PRAIMACOLOGCAL EVMrTS AND HWAVIOR

The Pharmacological studies undertaken in the course of
this present research were concerned with two matters of
basic importance In studies of drug-behavior interactions.
The first involved the establishment of standard conditions
for the administration of each drug in the experiments un
behavior; the conditions which were standardized included:
dose range, route, drug vehicle or preparation, and time
intervals after drug administration for observation of
maximum behavioral effects. The second concerted the deter-
mination of time curves for changes in the blood levels of
intact drug after administration under the standardized
conditions. Information about the time characteristics of
the absorption and metabolism of a drug is essential in
determining whether any concommitant changes in behavior are
related to the presence of the drug in the body or to alter-
ations in biochemical systems induced by the drug. The
first of these considerations was essential to the design

' of the experiments on behavior in order to obtain reproducible,
interpretable data, uncomplicated by drug effects on gross
sensory or motor responses. The blood-level curves constituted
the first basic data of a biochemical nature needed for
interpretation of "6he mode of action of each drug.

The three drugs studied, i.e., Librium, pentobarbital
and ethanol, constituted an interesting comparison of
"tranqvilizing-type" drugs with varying degrees of poycho-
leptic, sedativ, and hypnotic properties. The results of
rmss clirec-l trials suggest that these druags have differ-
ential effects in the treatment of different kinds of
behavior disorders.

As in tne case or several of the experiments described
earlier, the studles to be reported in the following para-
graphs are in the nature of pilot investigations. In the
eighteen months available for research the project could be
oriented toward only one major aspect of drug-behavior
interactions. The experiments on behavior were chosen as
the central focus and all other work had to serve in a
supportive role.
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A. Selection of dose levels

Decisions about drug dose levels, based upon some
empirical data involving the specific strain of animals to
be used in the main experiments on behavior, had to be made
before the experiments could begin. These data had to be
approximations from a very minimwn number of observations
if the main body of studies were not to be delayed beyond a
possibility of completione. The results obtained, though
aproximate, were adequate to establish for each drug a
usable "order of magnitude" for the maximum dose to be
administered. Ith this dose level established, decisions
could be made about the di stribution of experimental dosages
within the range from it to a "zero dose" or placebo. The
results also provided information about the feasibility of
the techniques employed for routine use with larger groups
of animals in later, more precise studies of the kind
described As "Phase 1. Preliminary screeningt animal" in
the-project's I rt-No. 1.

No attempt was made to determine median lethal doses,
LD ls, for the three experimental drugs, Such values
cold be determined at a later date, using the standardized
conditions of drug administration and employing well-
established methods for their determination, For compara-
tive purposes in Fimne 9 and Table 60, the LDgO value of
2000 + 1400 mg/kg for oral administration of Librium in the
rat was used, a value supplied by Dr. J.J. Pepper from data
obtained in the Hoffman-LaRoche Laboratories.

B 0 determinations for gross behavioral r
In ora ~-~§ o set t _ exper nta-dose levels to coer
range over which changes in behavior might occur, determina-
tions of BD5 's were made using four gross behavioral
responses. These included two measures of motor cowrdination,
i .e., the rlhting reflex and gait or Pattern of locomotion,
and three measures of response to "stress", i.e., startle
response to air puff on dorsal hair, st, startle response to
loud noise, N, and response to the pain of a tail pinc&, P.
All determinations of the present series were made by the
same investigator. For each of these measures a "normal"
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response was defined by the investigator on the basis of
observations on untreated animals. During a test session
responses were rated on a five-point scale:

0 1 2 3 4
1 1 1 1 I

no nor .. . great y
response response exaggerated response

Observations were made during test sessions at selected
time intervals after administration of a drug; averages of
individual ratings were computed for each dose level studied
at each time interval. A "biologically significant change"
in the gross behavior measures was arbitrarily defined as
deviation from the "normal range" of 2 : 1 on the rating
scale.

Table 59 illustrates the results obtained from the
application of this procedure, The table summarizes data
from two experiments with Librium as the drug. The data
presented are mean ratings for groups of rats, They indicate
that a dose of 32 mg/kg avoids detectable gross behavioral
changes and sho-uld be a safe maximum level for use in the
detailed behavioral studies. The results also indicatb that
the stress responses to noise and pain were more sensitive
to lAbrium action than the motor responses as measured by
ri ghting reflex and walking ability.

From raw data such as these, the conditions were set
for prelirinary studies of each Oru: in the detailed e..peri-
ments on behavior. The conditions are summarized in Table
1 presented in Pn earlier section, page 18. In actual
practice, it was occasi.onally necessary to modify these
preset conditions. For example, it vas necessary to increase
the maximum dose of pentobarbital to a level much higher
than that producln- offects on certain of the gross behavioral
measures in order to achieve significant chanes in the
detailed beha'rioral stuidies. Another exampld illuc rr.teo h6w
theoretically opti%,un conditicnsrxy be linrtcd 1y.character-
irtics of the subjects to. be studied. 1:orc rarkod effects
of ethanol on the detaile, behavior rteasurcs right have been



htdip of Gross fbevloral Rempoawe after Acute Qozl
Ackdnistration of Z~brium to the ftt

Urn Interial atter bUM Akidtat.m
ume 30 O. 1bm 2 b- 6 boe

fnPuRRW N lv R ;W I PI RWI P
- i 

I Z Q Q -

100 ~ 1.7 1.7 1 2 2 9A

502 1.7 Oe7 22 2A .3 22 1.7 22 1.7

32 22 1.7 21 2 1.5 2 2 22 2 22

16 2 2 1.7l177 2 1.52 2 22

8 22 1.5 2j 2 1.52 22 2

0 22 2 212 2 17 1.7 22 2

1est memue are tR - *lbting rmfle
W - Omit or vulik
N - Nois mftoseO~
P - Pain respone

2 OTler1ined ratiaw rep,,eet b1olooall:7 sigtalpdlowt oi.'gm.
fme oA pw-~bftned nooml too" of 2 ±1



observed if there had not been a physical limitation to the
ai'ount of drug which could be safely admnistered to the rat
via oral intubation. The oral route was selected a prias the route of choice for all the detaie d behaviora--

studies reported heree For purposes of comparison, conditions
for intraperitoneal drug administration were determined and
are reported in Table .,

No attempt has yet been made to standardize or charac-
terize these "quick and dirty" preliminary gross behavioral
observations with respect to reliability, validity, or intra-
and interindividual consistency. This will inevitably be
done when a more comprehensive final preliminary screen.ng
procedure is set up on a larger scale with adequate facilities.

Determination of drug prfiles. Dose-response data for
mortality, gros-s eavio-r effects, and effects on specific
behavioral measures can be epressed on the type of log-
probability plot discussed earlier, to give a type of drug-
behavior profile for each drug studied. Figure 8 shows this
type of plot for Librium in which the per cent of significant
effect is expressed as a function of dose level, The 'lines
of best fit" are estimated visually among the 3 or 4 Ooints
plotted for each effect tested. Even taking full account
of the approximate nature of the toxicity and gross behavioral
data available so far, it is readily apparent that, for
Librium, the dose ranges producing toxic effects and behavioral
effects are of different orders of magnitude. Further, there
is a clear separation between effectivu dose ranges producing
significant gross behavioral effects and effects on the
detailed behavior measurcs. From such plots as this LD 's
and M5o's for each behavior ,easure can be calculated.5O
LDqo's and BD5 's, corresponding to drug levels which are
5 er cent efrective in producing mortality and behavioral
effects, can also be determined. Table 6a summarizes such
aprpxmate values obtained for the drugs studied in the
present project.
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Table (0

Oapexiuon of Selected Effective D~ee Lvele for
Librium, Pentobarbital, and Ethanl

Lethal Ytor Stress Behavioral Test
noe spe pne Rsponse Bttery lesponse

iUbrium Oral 2000* 100 60 50 35 8.5 1.1

IF 150e 60 22 16 6 -- -

Nntobarbita Oral (4o) 20 12 5 3 12 2.2

IP (Ao) 34 n 3 -3 - ._

(.1/kg) (lkg) (mi/kg) (mik)

MMI Oral (>3.o) (>3.0) 3.0 2.2 1.5 oA

lp (.1.0)2 1.0 0.6 o0. 0.25 - -

I L- vaels for i4brim taken from private oowmu+eatou from

z, J.Je PpperO Roftfn-LaRoche Laborstories.

2 Delaed mwort.1tW (24-T2 hmrs) alloonx roes be b ior asures

at lethal lels.

3 Repoie ratiom confued by lilItanseo observation of calmdng
ard exmitatory effects in replicate aimals.
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It is of interest to note the appreciable differences
for i4brium between the effective'dost'ranges for the four
effects studiedv particular3y the difference betwfjen the
overall average BD5O for the test battery of approximate1y
8.5 /kg and the motor and stress response PF.'s of 60 and
35 mV/kg, respectively. Ths appears to clearly separate
the sedative and/or hypnotic effects from the offects*
observed on the behavioral test battery. i contrast,
pentobarbital shows an overlap among all the effective dose
ranges for motor responseo stress response, and behavioral
test battery response, with stress responses, i.e., startle
and pain, being equally or more sensitive than the responses
measured on the behavioral test battery. For this drug,
then, it is apparent that effects on performance in behavior
tests cannot be separated from the gross hypnotic and sedative
effects*



B. Drug absorption and metabolism studies

The reasons for obtaining information on the time
characteristics for absorption and metabolism of drugs used
in experiments on drug-behavior relations have already been
given. In the present project it was possible to male
determinations of drug concentration changes in blood only;
tissues, particularly brain, are scheduled for study later.
One of the several reasons for limiting determinations in
this way was the fact that eircumetinces permitted deter-
minations for Librium using both rat and human subjects:
the rats could be studied under the standard conditions
of the present experiments on behavior; blood samples could
be drawn from human subjects participating in experiments
in another university laboratory. Data from these two
sources could be used for purposes of comparison.

Librium. Librium, 7-chloro-2-methylamino-5-phenyl-3H-
1, . benodiMazepine-4-oxide hydrochloride, was made available
through the Hoffman-LaRoche Laboratories. All work with
rate was done with pure crystalline Librium hydrochloride,
The human studies were carried out with '5 mg. capsuls
designed for oral clinical administration. These contained
inert carrier solids to a total weight of 200 mg. per capsul,
which did not interfere with the colorietric determination
of Librium in dilute solution.

Methods of analysis. No methods for the quantitative
assay oin7"n blood extracts have been used in these
studies. in the earlier work with human blood samples, a
colorimetric procedure was used which had been designed for
routine clinical assay of Librium in blood or urine and
supplied to us by Dr. L.0. Rnadall of Hoffman-LaRoche Labora-
tories. In the later work wvith rat blood, we had available
a double-beam ftcording spectrophotometer, Ecach & Lomb,
Spctronic This allowed us to develop a more specific
assay for intact Librium in dilute solution or blood extracts
by utilizing the UV spectral differences betueen Librium and
its hydrolysate, 2-amTno-5-chlorobenzophenone, in acid
solution. Since this procedure was developed during the
course of this study, it is presented here in some detail,



Colorimetric determination of Librium. The procedure
made avaiable B . L.. Ra l Rof oman-LaRoche involved
drug extraction from alkaline solution into ether and back-
extraction into 61 HCl; acid hydrolysis of the extracted drug,
to yield 2-erImino-5-ch3.orobenzophenone; and colorimetric
determination of the liberated amine by diamotization and
coupling with N-(l-napthyl)-ethylene diarine dihydrochloride,
Bratton-Marshall reagent. The method had a reported liridting
sensitivity of 2 ,ug Librium.

W9 found it possible to increase the sensitivity of the
metho,' four-fold by making the following procedural changes:
reduction of the acid concentration in the extraction and
hydrol2ais steps; hydro3ysis under milder conditions of
temperature as well as acid concentration; reduction of the
total volume during diazotization and coupling; and extension
of the time allowed for color development.

Spectrophotmetric determination of Librium by the.opic denslt " difr.erence', O'.D.D., eo. s -q
, me~d ssowrnTn

Figure 91 the characterisEc aSorptionspectra of Librium
in dilute acid shows two diffuse maxima at approximately
250 and 310 Pli. The acid hydrolysate of Librium shows a
smaller single maximum at 260 mi. Wr comparing an acid
extract of Librium against its own h5iroIysate as reference
solution (curve 3, Figure 10) it is possible to detect well-
defined peaks at 244 and 313 mp which are apparently charac-
teristic of the part of the Librium molecule which is labile
to the conditions of hydrolysis. The heights of both peaks
bear a quantitative relationship to the concentration of
Librium in solution.

Five ml. heparinized plasma is made alkaline with 0.05
to 1.0 g. K2CO * This is extracted with 15 ml. ether by
shaking at rool temperature for 30 minutes. After centrifu-
gation, 10 ml. of the ether is back-extracted with 5 ml. 3N HC
by shaking for 10 minutes. After aspiration of the exceos
ether, the acid extract is made up to 6 ml. volume with 3U 1101.
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A 3 ml9 aliquot of the extract is heated in a boiling
water bath fn h min, Lfter rapid cooling in a cold water
bath, it can be made up to its initial volume with 3N HC.

Or double-beam recording spectrophotometer, the OM
curve (from 220 up to 350 I) is determined for the 3 ml.
aliquot of Itbrium extract, using the 3 ml. extract bydrol7*
sate as reference solution. The Librium concentration is
proportional'to the height of the maxium at 244up after
rubtracting the baseline minimum at 284 op. Above a Librium
concentration of 6 jug per ml., this proportionality is .061
ODD units per jig per ml. Below a Librium concentration of
6 jug per ml., this factor decreases to the lindting sensi-
SJV.~ the U etho M16ol f . OW DA urite at Iljg per il.
Since the extraction procedire gives an overall librium
recovery of 75 percent (for Librium added to untreated rat
plasma), this method has a limiting sensitivity of approxi-
mately 1.5 jyg Librium per ml. plasma.

In Figure 10 are shown characteristic curves of plasma
extracts taken at 0, 3, and 12 hours after acute oral adminis-
tration of Librium at 32 mg per kg in the rat. As can be
seen, the curve for the highest blood level at 3 hours is
not qualitatively different from the curve for the lowest
level at 12 hours. In our results to date, there is no
consistent evidence for metabolically-induced changes in
chemical structure of circulating librium which can be
detected by this procedure.

Acute rat studies. At time intervals of 1, 3, 5, 7 and
12 ho- -afFr acute oral administration of Librium at 32 mg/kg
replicate rats were sacreficed via ether anesthesia, and blood
samples were withdrawn via the vena cava. Librium levels
per ml. plesma were then determined b the -pectrophotometric
"optical density difference" method. The time intervals
werc sclected tocrrespond with the smallest i:-tervals used
In the behavioral tests.

Results of this work are summarized in Table 61. and
Figure 11, where it can be seen that the peak drug level
in the blood is reached at 3 hours.
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Table 61

Tibrim Elou levels after Aauts Oral A~ditation
at 32 mig/kg in the Fat

Tim ftef Mod level I
libant mm S.D. No . ebsoervatlam

(Retir) (ps/21. iP'aama)

1 4o : 1.03

3 6.7 3.45 3

5 4.4~ 1.48 3

7 2.2 o.62 2

12 1.0 o:59 3

24s tr 2

1 S.D. estiumted fromi range wcording to tU6 WehoG a ow 

and Dt~ (1951).

2 Librlium acamrdterod in~ aqueou solutiont at 32 mgJai.
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Lhronid human studies. Using the colorimetric (hydrolysis-
diazoTsationT'ceT-;W-or the determination of Librium
level in the blood, a study was made of human subjects on a
chronic administration schedule. On a dosage of 100 mg per
day (5 Yg. q.ifd. per om). two subjects attained a blood
level of approximately 4 pg per ml,, plasma ftthin 3 days.
On cessation of treatment, blood levels of the drug dropped
off to zero over a period of 5 to 7 days. Data for thece
two subjects are shown in Table 6. A single blood analysis
on one subject who had been on cortinuing Iibrium therapy
for 60 days at a daily dose of 30 mg (10 mg t.ied.) showed
a blood level of 1.9 y per ml. plasma.

Concurrent physioloRical measures taken on the subjects,
AR and 1M, supported the general conclusions drawn from a
much larger study (Technical Report No.7 Contract Nonr.
908-15 with Indiana University, R.W. Russell, Project Director,
August 1961, "Effects of Chronic Administration of Librium
and one of its Analogs on Eunan Somatic Responses.) Itbrium
appeared to effect a decrepoe in heart rate and E3 and an
increase in skin resistance. Gastrointestinal motility and
respiration rate were unaffected. In general, the startle
response to noise of each of these indices was suppressed by
tibrium treatment. With the subjects AR and 4S, some of these
observed effecte showed a delvy in recovery to predrug
levels of I to 2 weeks, although, as previously noted, Librium
blood levels were below the limits of dtct-on %_thin one
week. This lack of parallelism between time-response curves
for blood level and effect is similar to that observed in the
acute rat studies as shown in Figure 11.

Pentobarbital. Pentobarbital sodium was prepared in
aqueous solution withir three hours of the time of adminis-
tration. Pentobarbital blood levels were determined according
to the Method of Bush (1961) which includes preliminary
extractions into butyl chloride and alkaline buffer, followed
by quantitative determination in a UV double-beam recording
spectrophotometer via the ODD (optical density difference)
maximum at 240 my. The buffer extract at pH 10.0 is read
against a reference solution of the extract adjtusted to
IH 6.25. In our hands this method had a limiting sensitivity
of .03 ODD units for 1 jug pentobarb tal per ml. of buffer
-tract, with a recovery factor of 75 percent for pentobarbital
extraction from whole blood.
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Table 62

idbrium Blood level Studiest Human Subject.

"ubjat reatmenit Ubrium Isvwl*
t-'so ys on mUg Im- ofr u t1I'ui, pDrug.)

kig)

Is AR 100 1 -- 0.3. -- 4.5
2 1.75

5 5 0

VII M 100 1 --- O
3 4.o
6 :Z 3.6
6 4 0.9
6 7 0

Vs H 30 60 -- 1.9

* lbrium dUtermined by hydrolysis and diasotisation proos4dug.
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Acute rat stidies. Conditions for obtaininf Ilood smplem
Un the pentpe'nra t the eaw as thoe dee-

oribed in the Librium blood level stAdies, Te resulta obtained
are mmnsed In Table 63 and are presented grsphically in
Figure 12, where behvioWra effects on the SO are uhaim to
vwr7 directly as the blood level of the drugs



Table 63
Pentobarital mood Ievels after Acute Oral

Abirdstraton at 40 vjlkg in thi Pat

Tim. afu Mood lev 1
Ttnalemnt ~nsu - 8.D. No. lWferatione

(Baums) (pah-i. plasm)

o.5 5.0 ± 1.77 3

1 5,8 .30 " 3

2 3.0 l 11,. 3

3 4.2 .0.1. 3

I4 2.0 0.1oA 2

6 (trace) 2

1 S.D. etimted f rom runs awarding to the mthod of Dom
w Dio (1951).

lntob a lbtu acdlJ nIstered in aqueoua solution at 40 sg/l/.
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C Sumary

The results obtained here demonstrate the essential
advantages of sccuring pharmacological and biochemical data
under conditions which parallel those used for the behavioral
tests * The type of desc-response profile shovm in Figure 8
for Librium can detect and emphasize differences among
specific drugs, For example, the dose-response profile for
IIbriu i shows three discrete families of curves, each
encnmpassing a different dose range: i.e., a group of
curves for specific behavioral effects at doses below 32
mg/kg, another group of curves for somatic responses or
"gross behevicral effects" at doses between 50 and 100 mg/kg
and the curve for mortaity effects at doses above 1000 mg/kg.
This is in contrast to the profiles for pentobarbital or
alcohol, where the curves for specific behavioral effects and
"gross behavioral" or somatic responses all occur within the
same dose ranges. it might be postulated that such separa-
tion of behavioral and gross somatic effects as shown by
Librium is a distinrguishing characteristic of a "tranquilizer"-
type drug as contrasted to primarily sedative or relaxant-
type drugs.

A differenti .ation betveen Librium and pentobarb--l isA
also possible on the basis of comparison of the time-response
curves of behavioral effects and drug blood levels as shown
in Figures 11 and 12, For pentobarbital, it appears that
behavioral effects as measured on the SER are dependent on the
presence of the drug. For Librium, these behavioral responses
persist well beyond the disappearance of intact drgs from
the blood stream. Such results further serve to emphasize
the need for additional parallel biochemical studies, which
would allow comparison of time-response relationships between
behavioral effects and effects on selected ONS b.iochemical
systems, possibly those involving acetylcholine, serotonin,
and/or norepinephrine.



VI, S* AND IKSCUSSICK

Nature of the project, The present project arose from
the w e'7 oe ru" Chemical Center to obtain inform.a
tion about factors which affect the behavioral testing of
chemical agents for incapacitating properties. "Incapacita-
tion" is defined in term of changes in behavior, changes
which disrupt the organization and performance of normaJ
activities, The final criteria for testing Incapaoitating
agents must, therefore, involve mEasures of behavior. Such
measures may be affected by the characteristics of the
organism under study, the conditions under which behavior is
generated for test purposes, the research design employed in
the test, and the propertles of the chemical agent adminis-
tered. From the practical point of view these variables
contribute to the risks of labelling a new agent as worthy
of development when in fact it is not or, on the other hand,
of failing to identify a new agent which is promising.

The contract for the project covered a two-year period
of work. In accordance with its specifications, the first
six months were devoted to examining the objectives of a
program for identifying and evaluating potential incapaci-
tating agents. The objectives were stated and requirements
for achievinp them specified in the project's Report No. 1
submitted in September 1960. The report outlined a general
behavioral screening provram consisting of four phases, two
of which involve infrahuman animals and two, human subjects)
the first three phases employ laboratory tests and the fourth,
field tests:

Phase 1. Preliminary screening: animal.
Phase ?,. Screening in depth: animal.
Phase 3. Laboratory tests: human.
Phase 4. Field tests: human.

The final year and a half of the contract was devoted to
empirical studies of factors affecting the development and
operation of Phaqw I ind 2 of the nror m- usin infrauman
animal subjects. The species employed in the research were
rats, Holtzman Albino Stock,'..and monkeys, Saimiri sciurea.
After discussions with the Contract Projecr- Fer twas
decided that the needs of the project could best be met and
its unclassified status maintained it' psychoact:,ve chemical



agents already in general use were e, g.oyed in the various
experiments; Librium, pentobarbita' sodium and ethanol were
selected. In addition to experimeats on behavior, the
project included studies of factors affecting the selection
of dose levels and also some l1mited studies on drug absorp-
tion and metabolism.

Preli=n,.ar. screening. Preliminary screening was
necessary in oFe6 6o sethe experimental dose levels for
each of the drugs used in the proect. Since behavior may
be very sensitive to drug action, significant changes in
behavior may occur at eny dose level between zero and the
level at wh.ich toxic effects to the body appear. Median
effective doses were determined for each of five gross
behavioral variables: two measures of motor coordination
and three measures of response to "stress". The data from
these determinations also provided information about minimum
effective doses below which no gross behavioral effects cou d
be observed. These doses were used as guides in setting the
maximum dose levels for the more quantitative experiments on
behavior; zero dose, or placebo treatment, defined the other
end of the working range. Doses within this range were
related in decreasing fractional steps of one-half between
succeeding dose levels, a selection which proved empirically
to be effective with the drugs studied for describing dose-
response eharacteristics and for determining the median
behavioral doses, BDts, of the measures of behavior studied.
The processes of selecting dose levels in this way established
the range through which the principle independent variable,
drug dose, would be systematically varied in the quantitative
studies to follow in phase 2.

esearch ds__ . Research design Is particularly
important 'n studies of the present kind because of the
number of variables capable of influencing any set of obser-
vations. One of the objectives or the project was to
examine empirically the operation of sveral different
research desi ons. Thre. were studied in detail: randomized
groups desion, Latin square design, and Latin sonaro d-.
with replication of the same square. lliesc designs wc-
selected for very practical reasons, It is obviously
uneconomical to undertake the costly training of an animal
only to use it for a single drug treatment, as in the caje
of the randomized groups designs used in the present projects
It is also obviously impractical and uneconomical Lo subject



an animal to several drug treatments if significant inter-

actlon effects between treatments make later interpretationof results uncertain, as is often true whn research is

designed in such a manner that statistical tests cannot be
made for carry-over effects. The latin square designs
provided for such tests. This very fundamental issue,
which is often ignored in so-caXed "practical" screening
procedures, will be discussed again later in this summary
when it can be illustrated with data from experiments
conducted during the project.

Measures of behavior. The primary role of incapacitating
agents is to p ceeporary deterioration or disruption
in the performance of skills which have already been estab-
lished. Performances which it may be militarily desirable
to alter ranve from sikple motor skills to complex decision-
making. In the present project, experimental test situations
were selected so as to provide as vide a range of different
behavior patterns as could be studied during the limited
period of the contract. These behavior patterns constitutedthe major dependent variables of the experiment; they were:
food intake, water intake, straightaway escape response,
straightaway approach response, fixed-ratio operant response,
variable-interval operant response, conditioned emotional
response, timing behavior, conditioned avoidance response.
The general procedure followed in all the experiments was:
to establish stable baselines of performance during a pre-
drug training period; to administer the agent under study
at the beginning of the drug period; and, to measure perform-
ance at predetermined intervals thereafter until the predrug
baseline had once again been firmly established. In this
way the full course of any drug effects on performance
could be observed.

Behavioral screening programs for chemical agents of
any kind must provide quartitatiue data, the analysis of
which will allow statements to be made with confidence that
the level of performance has been significantly changed or
its variability altered. Agents may produce subtle, yet
significant. changes in behavior which are not readily
detected by gross observation; such effects, which should
be of particular interest to those concerned with incapaci-
tation, can only be studied when ouantitative measures of
behavior are available to provide data suitable for appropriate
statistical analysis. If an agent Is to be used fcr practical



purposes, it is also essential that precise info.metion on
various parameters of the drug-behavior interaction, e.g.,
dose- and time-response relations, also be available.
Measurements of behavior patterns generated in the test
situations listed above provided data which can be used to
illustrate the kinds of basic information which should be
specified in any program designed to determine the behavioral
effects of incapacitating agents.

Results. Report No. I described certain desirable
charactersics of incapacitating agents, The sections which
follow use these characteristics as headings in discussing
results obtained from empirical studies conducted during the
present project.

i1. Predru baseline Performane. Because Individual
ifferencs clarFer-e the behavior of even the most homo-

geneous strains of animals, it is desirable to use each
subject as Its own control. In experiments conducted during
the present project the measurement of predrug performance
provided baselines which served as reference points for the
analysis of drug effects on both perforoance level and
variability. Training was continued until predrug perform-
ance had stabilized at an asymptotic level and variability
within a test session was rdnimal. Each animal's performance
durinR the drug phase of an experiment was then expressed
as a per cent of its mean level of stabilized predrug
performance.

2. Dose-response characteristics, Incapacitating
agent. sho- produce their effects on behavior at relatively
low dose levels. Although the drugs used in the present
project were not "incapacitating agerts", the procedares
used to determine their dose-response characteristics are
generalizable to ,the study of any psychoactive chemical agent.

B testing the significances of differences in perform-
ance at peak effect times for groups receiving different drug
doses, it was possible to answer the question as to whether
or not a drug had affected behavior within thc .nge of doses
administered. The results of the present project clearly
illustrated two kinds of differential effects produced by
chemical agents:



a. An apent may affect certain behavior patterns
and not others. For example, within the standard doses range
for Librium there was no evidence that the magnitudes of
food and water intake were affected, while other kinds a
performnce, e.g., operant escape responses, showed very
significant decrements.

b. One parameter of a behavior pattern may be
affected independently of another. This kind of differential
effect is illustrated by the experiments on the straightaway
escape response where level of performance was significantly
decreased within the standard doses range for all three drugs
studied, while variability of performance was affected only
during the pentobarbital series. Since incapacitation may be
produced when either or both of these parameters is affected,
it is important to analyze both during a screening program.

Dose-response characteristics may be described in terms
of conco mitant variations between magnitude of behavior
changes and differences in dose levels of a drug. The
typical rnlation between these two variables in experiments
where behavior was significantly affected appeared as increased
decrements in performance as dose level increased. The
relation operated after a threshold for change was reached;
below the threshold, changes in dose level produced no effects
upon behavior.

3. Time-respnse characteristics, There are two main
features t e considered her-First, it is generally
desirable that the onset of effects occur in one hour or
less following administration of an agent, although an agent
which had P delayed time of onset would be of interesit for
special purposes. Second, it is important to know the time
course of effects once they have been pioduced, if an agent
is to be put to practical uses where the deviation of its
effective action must be predictable.

For all three drugs studied in the present project, it
was typical thet peek effects were rapidly obtained, i.e.,
in less than one hour, after drug administra-tion. Above
the threshold dose required to produce a change in behavior,
duration of effect varied systematically with dose level:
duration increased as level increased.



4. Poversibility of effects. It is desirable that the
effects of an incapc taing a&ent at the dose levels required
to produce significant changes in behavior be completely
reversible9 l.e., that the agent produce no lasting behavioral
or organic effects, All experiments of the present project
were designed to study such reversibility at the behavioral
level.

The concept of "incapacitation" developed in Report No.
1 laid emphasis upon the fact that the behavior patterns of
living organisms are correlated, directly or Indirectly,
with biochemical events occurring within the organism;
chemical avents may be used to interfere with these bio-
chemical events, thus producing changes in normal behavior.
This concept involves three classes of variables - chemical
agents, biochemical events, and behavior - all of which may,
under specified experimental conditions, exhibit the charac-
teristic of reversibility: drugs are absorbed and then
metabolized or eliminated; blochemical events may deviate
from their normal resting or steady states and later
reestablish them; behavior may change from its predrug
baseline and return to it. A systematic body of knowledge
about incapacitation, from which predictions could be made
as to where to search fOnr new agents, would seem to depend
upon information concerning interrelations between these
three classes of variables.

During the eighteen months of experimental work under
the present project it was possible to make only a small
beginning to the task of studying such interrelations.
Studies were limited to the determination of certain drug
parameters, e.g., ED5os, time characteristics of absorption
and metabolism. The results of these studies are reported
in detail in Section V of the present report.

On the other hand, information was obtained about the
reversibility of behavioral effects for all behavior patterns
studied. In all instanc6s where performance deviated from
predrug baseline levels after administration of a chemical
agent, baseline levels were reestablished, usually within
49 hours, thus indicating complete reversibility of all
behavior effects produced by drug administration.

Comparisons were made between the time-response curves
of certain of the reversible behavioral effects and drug



blood levels. Using the straightaway escape response as an
example9 it appeared that the behavioral effects were related
to the presence of pentobarbital in the body, btt that they
persisted well beyond the disappearance of intact I1brium
from the blood stream. The existence of significant carry-
over effects for this behevior pattern during a series of
weekly adrdnistrations of Librium was in contrast to the
lack of such effects during repeated administrations of
pentobarbItal. Results such as these indicate the need for
information about the time characteristics of changes in
biochemical systems induced by chemical agents if basic
relationa between cheuical agents, biochemical events and
behavior are to be understood.

5. Large "ther utic index". The potential safety of
new dr-.gs'"Brequently ex resse as a therapeutic index or
ratio t LD /1 . The larger this value is, the greater
is tle mar~n ofsafety within which an agent ma be used
with(ut danger of irreversible effects. In consideration of
the criterion discussed in the preceding section, it is
obviously desirable to seek agents with large therapeutic
indexes.

A method of probit analysis for dotermining median
behavioral doses, BDs, is described in Section IV D of the
present report. This value represents the dose of a particu-
lar druR necessary to produce a significant change of per-
formance in 50 per cent of the sample of subjects studied.
For example, the PDos for motor and stress responses as
measured during preliminary screening were found to be
100 mg/kg and 50 mp,/kg, respectively, for oral administration
of Librium; the BD0 for the straightaway escape response
was 9 mPn/kg. Comparing each of these with the LD5o of
2000 mr/kg provides therapeutic indexes of 20,40 and 222.
The differences between the ratios illustrates the wide dose
range over which different behavior patterns may be sensitive
to effects of the same drug. It emphasizes the importance
in behavioral screeninp of chemical agents of not depending
solely on a single or even upon several related measures of
behavior; a variety of measures representing different aspects
of behavior can provide a profile of effects which more use-
fully describes the behavioral toxicity of a drug and make
possible comparisons with patterns for other agents.
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6. Tolerance and sensitr'zing iffecta. Although circum-
stances under which'ncapacitatrng -gents might be employed
for military purposes make it desirable that such agents be
effective with a single administration, it is possible that
target personnel might be exposed to prolonged or repeated
advinistrations of an agent. The ffect of repeated exposure
m vary with different apents from increasing tolerance to
increasing sensitivity. In the present project Latin square
research designs were used as the major approach to atujying
carry-over effects and for determining any influences which
the order of doses may have had when a sequence of adminis-
trations Involved more than one dose level.

Significant carry-over effects were found to occur with
certain drugs, e.., Librium, and not with others, e.g., pento-
barbital. In the case of the present agents, the trend was
in the direction of sensitization, i.e., of greater magnitudes
in changes of performance from predrug baseline levels. No
significant dose-order effects were found.

Carry-over effects from one drug administration to
another may introduce serious complications of considerable
practical importance in behavioral screening programs for
incapacitating apents where the same animals are used for
extended periods of time during which drug administrations
include not only different doses of the same agent, but also
agents with different chemomorpholo.ies. It is difficult to
see how data obtained under such conditions can be meaning-
fully interpreted as screening programs are often carried
out. With adequate research designs, e.g., Latin square, it
is possible to determine whether or not carry-over effects
Inave occurred in order that they may be considered ia
interpreting results obtained. Had the project continued,
other research designs, which mipht have assisted in the
interpretation, would have been studied; some possibilities
are mentioned in Section II of th-s report.

An obvious alternative approach is to eliminate such
effects, if possible. One means of doing this -s to allow
adequate intervals between successive drug administrations.
However, adequate intervals must be determined empirically
for the experimental conditions under vhich final tests
are to be carried out. Since the interval is defined by
the duration of the slowest "recovery process" among the
three ma or variables involved in the drug-blochemical system -



behavior interaction, it is necessary to know the time charac-
teristics of each. It is not adequate to base inter-treatment
intervals upon knowledge of the time-response relations for
behavior changes only: in the present experiments, prelim-
inary studies showed that decrements in level of performance
following administration of Librium disappeared well within
the seven-day interval between successive administrations,
vet sxgnficant carry-over ef ette' -t M'a"U ly _ '

continued effects of the drug on some biochemdic1 system(s),
were found,
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